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The Cambridge Subway 


By L. E. Moore* 


The Cambridge Subway, soon to be 
opened to traffic, is one of the links used 
by the Boston Elevated Ry. Co. in its 
development of rapid-transit facilities 
between the central part of the city of 
Boston and its outer portions and sub- 
urbs. 

In order to explain its relation to the 
other parts of the system, it will be con- 
venient to describe briefly the transit situ- 
ation as it now exists. Boston may be 
likened to the hub of a wheel and the 
channels of traffic to its various sub- 
urbs to the spokes. It is necessary to 
provide transit facilities from Boston to 
all these suburban towns. The steam 
railroads provide for transit to the more 
distant of the suburbs, but the traffic 
within the radius of a five-cent fare nat- 
urally gravitates to the street-railway 
companies. Not to go too closely into 
detail, it must suffice to say that, placing 
the hub of the wheel in the business dis 
trict, the spokes of the wheel must cover 
more than three-fourths of a full circle 
in order to take in all the surrounding 
territory which it is necessary to reach. 
The map, Fig. 1, shows the inner portion 
of this territory, with the existing surface 
lines and the existing and proposed ele- 
vated and subway lines. 

A little consideration will show the 
practical impossibility of providing sub- 
ways or elevated railways to reach each 
of these points separately, as the trafftc 
along each spoke of the wheel would not 
be sufficient to pay for the cost of con- 
struction and maintenance of the line. 
Moreover, it is not practicable to collect 
the surface cars at certain points and run 
them into the city on an elevated struc- 
ture or through a subway, on account of 
the many tracks which would be required 
to handle such a traffic without undue 
congestion, and also on account of the 
expense involved in handling a large 
traffic in small units. The solution ar- 
rived at, then, has been, so far as prac- 
ticable, to collect the surface cars at cer- 
tain focusing points and there transfer 
passengers to elevated or subway trains, 
run in comparatively large units and cap- 
able of operating with a maximum of 
speed and a minimum of obstruction to 
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traffic. These focusing points are not 
confined to the ends of the elevated or 
subway systems, but are to a greater or 
léss degree located at various stations 
along the main trunk lines. 
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Generally speaking, the plan as it is 
now being developed provides for two in- 
tersecting through trunk lines, which 
shall pass through the central portion of 


the city approximately at right angles 
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to each other. The map, Fig. 1, shows 
both the completed and projected portions 
of these lines. The function of these 
lines is to collect the passengers from 
surface cars at outlying points and dis- 
tribute them to various stations in the 
business portion of the city. 

Of these trunk iines, one has been built 
and in use for some years. This is the 
line from Sullivan Square in Charlestown 
to Dudley St. in Roxbury. This line has 
recently been extended to Forest Hills on 
the south, and is now being extended to 
Malden on the north (Fig. 1’). It is ele- 
vated for all of its length, except for 
about 114 mi. in the city of Boston, where 
it runs in what is known as the Wash- 
ington Street Tunnel. It includes a loop 
elevated line around the water front, fol- 
lowing Atlantic Ave. dnd passing the 
South Terminal Railroad Station. Part 
of the trains are run via this loop, but the 
majority are run through the tunnel. 

The Cambridge Subway is a part of the 
other trunk line, and will be the first por- 
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mont Street Subway was the first one 
built in the United States; it was entirely 
completed in 1898. It was constructed 
primarily to relieve the great congestion 
of surface cars on Tremont St. The maps 
Figs. 1 and 2, show its location. Plans 
are now being made for the extension of 
this subway out Boylston St., and prob- 
ably Beacon St. to the junction of Com- 
monwealth Ave. and Beacon St. This 
subway is to be used by surface cars 
only, partly because the grades and 
curves of the old portion are not suited 
to the operation of trains, although for 
some time part of it was used by the ele- 
vated trains while the Washington Street 
Tunnel was being constructed. 

It should be explained, in order to give 
a better idea of the whole situation, that 
there are two tracks in the Tremont 
Street Subway extending continuously 
through from the North Station to Pleas- 
ant St., two other tracks extending from 
the North Station to a loop under Scollay 
Square, and two others extending from 
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tion of this line to be put in operation. 
Except for a portion of its length, ex- 
tending across the Cambridge Bridge and 
continuing for a short distance in Boston 
until it reaches Beacon Hill, the line is 
entirely underground. When completed, 
trains will be operated between the Park 
Street Station in Boston and Harvard 
Square in Cambridge. Fig. 2 is a dia- 
gram showing that portion of Fig. 1 
which includes the Cambridge Subway. 
The present intention is to ultimately con- 
tinue this line, beyond Park Street Sta- 
tion down Winter andSummer Sts., 
crossing under the Washington Street 
Tunnel, and then past the South Terminal 
Station and under Fort Point Channel to 
a point in South Boston in the vicinity of 
Andrew Square (see Fig. 1). The pres- 
ent Boston terminus is at Park St., which 
is the busiest station on the old Tremont 
Street Subway. This latter is now alto- 
gether used by surface cars. 
TREMONT STREET ‘ SUBWAY- 
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the Public Garden to a loop at Park St. 
(see Fig. 2). The situation is compli- 
cated by the fact that the Bay State Street 
Ry., an independent corporation, provides 
the majority of the traffic from the North 
Station to the loop under Scollay Square. 

EAsT CAMBRIDGE ELEVATED—Another 
elevated structure, designed for use of 
surface and intended to  facili- 
tate their progress through certain con- 
gested streets, is also being erected 
at the present time in the vicinity of the 
North Union Station. It involves an ele- 
vated structure, including a concrete 
arch bridge over the Charles River just 
below the Charles River Dam, and ex- 
tends from the North Station to an in- 
cline in Lechmere Square in East Cam- 
bridge. 


cars 
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To return to the Cambridge Subway, it 
extends from a new station at Park St., 























































February 1, 1912 
constructed directly beneath and gener- 
ally at right angles to the present Park 
Street Station of the Tremont Street Sub- 
way, by a tunnel under Beacon Hill to 
a point on private land at the corner of 
Phillips and Grove Sts., where it emerges 
and continues on private land on an ele- 
ated structure to the corner of Charles 
and Cambridge Sts., and then across the 
Charles River on the Cambridge Bridge. 
At the Cambridge end of this bridge it 
descends into the Cambridge Subway 
proper, remaining underground for the 
rest of the distance to the Harvard 
Square Station, which is also completely 
underground. The total length from Park 
St. to Harvard Square is 17,000 ft., and 
from the Cambridge Bridge to Harvard 
Square is 11,700 ft. 

The underground portion in the city of 
Boston, including the new Park Street 
Station, was constructed by the Boston 
Transit Commission. The elevated por- 
tion in the city of Boston and the whole 
of the work in Cambridge was done by 
the Boston Elevated Ry. Co. When the 
Cambridge Bridge was built (1907) a 
space was left in its center in prepara- 
tion for the construction of this line. 

The running time between Park St. and 
Harvard Square by the new subway will 
be 8 mins. The present running time be- 
tween these points (surface cars) is 22 
mins. 

From the Cambridge Bridge to a few 
hundred feet beyond Central Square the 
subway was built in open cut; from that 
point to beyond Putnam Square it was 
built by a shield under atmospheric pres- 
sure, and the remainder was built in open 
cut. 

Fig. 3 shows at the left a clearance dia- 
gram for the Cambridge Subway, defining 
the minimum allowable interior section 
on tangents. On curves, the section was 
enlarged to give a standard clearance of 
12 ins. at the eaves of the car and 18 ins. 
from the top of rail to a point 9 ft. above. 
The car was assumed to be 70 ft. long, 
10 ft. wide, 46 ft. 7'4 ins. center to cen- 
ter of trucks, and 10 ft. 4 ins. high from 
top of rail to eaves. The proper allow- 
ance was made for tilting of car due to 
superelevation of outer rail. This super- 
elevation was limited to 6 ins. 

Typical cross-sections are also shown 
in Fig. 3. Wherever possible, the roof 
was arched, but at certain points the 
depth of cover was so small that it was 
necessary to use a flat roof. The rein- 
forcement in either case was varied to 
suit the different depths. At points of 
shallow cover, the flat roof section was 
built with Bethlehem steel beams, cov- 
ered, of course, with concrete. The thick- 
nesses of walls and roof were varied to 
meet local conditions of depth of cover, 
interior width, and elevation of ground- 
water. The minimum thickness of invert 
used was 19 ins. The section adopted 
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for the tunnel portion (Fig. 3) gives an 
inside width of 26 ft. 10 ins., while the 
part built in open cut is 25 ft. wide. The 
reason for this is that the shield had to 
be built large enough to give proper clear- 
ance for cars on curves in the finished 
tunnel, so that the tangent sections could 
not be reduced to standard size, as was 
possible in the open-cut work. 


CONSTRUCTION METHODS 


OpEN-cUT—The method of building 
the subway in open cut was to excavate 
a 40-ft. section to the bottom for the en- 
tire width of the subway. The spoil from 
this excavation was handled by means of 
derricks and cable ways. Five electric 
derricks and three cableways in all were 
used, being shifted from place to place as 
the work progressed. The sides of this 
trench were protected by two rows of 
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2-in. sheeting, driven as the excavation 
proceeded. When the bottom was reached 
in one of these sections, a 4-in. mat of 
concrete was laid, upon which the water- 
proofing was placed. The waterproofing 
used was four-ply heavy tarred felt, each 
layer being mopped with tar as it was 
placed. The invert of the subway was 
built on this waterproofing and the side 
walls were then carried up on both sides 
for the entire length of the section. This 
work was done in three stages, to allow 
for the removal of the rangers and 
braces. The forms for the roof were then 
built, the reinforcement placed, and the 
concrete put in. On the lower half of the 
sides the waterproofing was placed against 
the sheeting, as the latter was left in 
place below groundwater. The water- 
proofing for the upper half of the wall 
and for the roof is continuous and cov- 
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ered by a protective coat of 3 ins. of con- 
crete. 

TUNNEL—The detailed method of con- 
structing the tunnel was as follows: 

Two drift tunnels, 9 ft. high and 8 ft. 
wide, were excavated on the sidewall 
lines. These drifts were continuously 
timbered on the tops and sides nearer 
the center of the tunnel with 6 < 8 hard- 
pine caps and legs. The outside legs 
were 8X 2'%-in. reinforced-concrete 
boards. The timber portions were re- 
moved when the core was excavated and 
were used repeatedly, but the concrete 
boards were left in place. The sidewalls 
were built in the drifts in 16 and 20-ft. 
lengths, to a height of 4 ft. 4 ins. above 
the rail. These walls supported and 
guided the roof shield. 

The shield, weighing about 70 
on each 


tons, 


traveled on eight steel rollers 
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wall. It was propelled by fourteen 125- 
ton hydraulic jacks attached to the shell 
at points about equidistant from each 
other. These jacks reacted on cast-iron 
push-rods embedded in the completed 
arch behind the shield. 

The push-rods were cross-shaped in 
section except for a length of 1 ins. at 
each end, which was of circular cross- 
section about 3%, ins. in diameter. One 
end of the rod was convex and the other 
concave in order that successive lengths 
might be properly placed and retained in 
contact. The object of the rods was to 
carry the reaction of the jacks through 
the green concrete to that which had set 
firmly. This arrangement obviated the 
necessity of waiting until the ring imme- 
diately behind the shield had set before 
advancing the shield. The rods were 
left in place in the completed concrete 
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and form continuous lines through it. 

The jacks were supplied by two duplex 
double-acting electrically driven pumps 
which could furnish water at a pressure 
of either 1,500 or 5,000 Ibs. per sq.in. 
The higher pressure was intended to be 
used only in case the ground was so soft 
that the shield had to be pushed directly 
into it without excavating in advance; it 
was never necessary to do this. 

The concrete arch was constructed in 
30-in. sections under the tail of the shield 
at the same time that 30 ins. in length 
of earth core was being excavated in 
front of the shield the full width of the 
tunnel. The ground was so hard that 
this length stood unsupported in all cases. 
The centering for the arch was made of 
steel ribs 30 ins. apart, with beveled 
lagging 3 ins. thick. This lagging was 
laid on the ribs just in advance of the 
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OF CAMBRIDGE SUBWAY 


concrete while the latter was being placed 
up around the arch. A sectional wooden 
bulkhead was put on the lagging to pre- 
vent the concrete from falling into the 
shield. The steel ribs were left in place 
for 2'. weeks and were then removed 
and used again. 

Grout was forced into spaces left be- 
tween the outside of the concrete arch 
and the surrounding earth by the passage 
of the shell of the shield. This was done 
by means of a Caniff grout mixer opera- 
ted by compressed air at 80 lbs. pressure. 

The tunnel portion is not waterproofed, 
but after its completion grout was 
forced out through pipes wherever leaks 
showed. 

The ground encountered for the most 
part was sand and gravel cemented with 
a small amount of clay and was of a very 
firm consistency. At some places the 
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sand and gravel had none of the clay ce- 
menting material. The tunnel spoil and 
material was handled through a shaft lo- 
cated on private land at the corner of 
Bay St. and Massachusetts Ave. The 
spoil was conveyed in small cars holding 
about 1 cu.yd. over a trestle from this 
shaft to a series of hoppers located on 
private land at a convenient 
from the shaft. The material was dis- 
charged from the hoppers into teams 
which carried it away. 

The concrete for use in the tunnel was 
mixed in a “Municipal” concrete mixer 
placed in the shaft, underneath bins for 
the materials, the latter being filled from 
teams dumping through hatches in the 
shaft top at the street surface. 

SUPPLY OF MATERIALS—The greater 
part of the material used was re- 
ceived in a central storage yard located 
on the Grand Junction branch of the 
Boston & Albany between Massachusetts 
Ave. and Main St. The stone arriving in 
the cars was put into teams or bins by a 
clam-shell unloader. A concrete mixer 
fed from the bins mixed the concrete for 
the open cut work. This concrete 
hauled in wagons to the place on Main 
St. where it was used. Some cement and 
lumber was received at Somerville on the 
line of the Boston & Maine, which is 
nearer to Harvard Square than the Main 
St. store yard was. 

AuxILIARY WorK—There were, of 
course, the usual changes to make in con- 
duits, gas and water mains and sewers. 
In addition the track of the Grand Junc- 
tion branch of the Boston & Albany had 
to be supported where it crossed the sub- 
way. This portion has a flat roof heavily 
reinforced with 24-in. I-beams, and is a 
sufficient distance below the surface to 
allow the railroad tracks to be dropped 
8 ft. in the event of future grade-crossing 
abolition. 
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STATIONS 


HARVARD SQUARE TERMINAL — The 
Harvard Square Station, located at 
the western terminus, merits careful 
study. It consists essentially of an un- 
derground two-level fan-shaped station 
(see Fig. 5). There are separate plat- 
forms for loading and unloading all cars 
and trains, and the passageways to and 
from these platforms are so arranged 
that traffic takes place through them in 
only one direction. It is possible thus to 
provide for bodily transfer of passen- 
gers without the use of any check, or the 
placing of any obstructions such as turn- 
stiles or gates in the passageways. The 
surface cars from the general direction 
of Arlington (see Fig. 4 for surface 
trackage) arrive on the lower level and 
unload passengers desiring to go to Bos- 
ton; then they proceed to another plat- 
form, receive passengers coming from 
Boston via th: subway, and finally pro- 
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ceed to Mt. Auburn. Surface cars arriv- 
ing from the general direction of Mt. 
Auburn go through a similar process on 
the upper level and then proceed to 
Arlington. In order to accomplish this 
the surface cars descend an incline on a 
5% gradient at either end to reach the 
level of the subway (Fig. 4), and after 
loading climb out of the subway to the 
surface on another similar incline. 

The subway trains arriving from Bos- 
ton unload on one level, their passengers 
alighting and taking a passageway to 
either the upper or lower level according 
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to transfer between the subway and sur- 
face cars. 

The actual construction of this station: 
with its various inclined passageways was 
quite a complicated piece of work, but 
by adopting this method the passengers 
always move in only one direction in any 
one of the four main passageways. 
Although the arrangement seems rather 
complicated, it is really extremely simple 
for the individual passenger. If he 
comes from Boston, he alights from his 
subway train and then takes his choice of 
two passageways, one leading to cars for 


Fic. 4. PLAN OF SURFACE TRACKAGE AROUND HARVARD SQUARE TERMINAL OF 
CAMBRIDGE SUBWAY 


to whether they wish to go to Arlington 
or Mt. Auburn. The train is then either 
run through to the Eliot Square carhouse 
or switched to the loading platform for 
Boston. In the latter case it loads with 
passengers who have arrived from Mt. 
Auburn or Arlington on the upper or 
lower level surface car platforms. 
There are no stairways except for pas- 
sengers who wish to go to or enter from 
Harvard Square, that is who do not wish 


Arlington, and one leading to cars for 
Mt. Auburn. A passenger desiring to go 
towards Boston alights from his car at 
the unloading platform and _ proceeds 
through a single passageway to the plat- 
form where he boards a subway train for 
Boston. In addition to this, it is, of 
course, possible to enter any of these 
loading platforms from the street at Har- 
vard Square, or to leave any of the un- 
loading platforms and walk up a stair- 
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way to the surface. It will be seen that 
the surface cars are run through from 
Mt. Auburn to Arlington and vice versa. 

INTERMEDIATE STATIONS—The stations 
at Kendall and Central Squares, which 
are way Stations between the two ter- 
minals, consist of concrete platforms on 
the outside of each track. 
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ROADBED 

The subway is drained down a gutter 
on its center line as shown in cross- 
section in Fig. 3. The gutter is protected 
by short movable inverted half-pipes con- 
structed of reinforced concrete and 
placed over the gutter. There are holes 
in the sides of these movable half-pipes 
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port for the third-rail. A trolley wire is 
hung over each track for emergency pur- 
poses and to enable the current to be 
shut off from the third-rail in order that 
the necessary track maintenance work 
may be prosecuted without danger to 
workmen. 

STATION FINISH—The 


Station walls 
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At Central Square there is an entrance 
and an exit at each end of each platform. 
Fig. 6 shows a cross-section of this sta- 
tion. The columns supporting the roof 
are 15 ft. on centers measured parallel to 
the tracks. It will be noticed that the 
edge of the platform overhangs about 
3 ft. 2 in.; under this overhang on both 
sides are conduits. There are three en- 
trance and three exit stairways 4 ft. wide, 
and one entrance and one exit stairway 6 
ft. wide at this station. The station plat- 
form slopes away from the edge of the 
track by a gradient varying from '%-in. 
per ft. on the side next the track to 4- 
in. per ft. on the side farthest from the 
track. A gutter for drainage is located 
at the lower side of the platform and 
drains are carried back across under the 
platform to the track. 

The station at Kendall Square is simi- 
lar in type to that at Central Square, but 
differs considerably in the arrangement 
of stairways. It is also characterized by 
the substitution of reinforced-concrete 
piers for columns to support the roof be- 
tween the tracks. 


to allow for ingress of water. In the sub- 
way there are six pump rooms and six 
ventilation chambers and emergency 
exits combined. A refuge niche is pro- 
vided in each wall every 20 ft., the niches 
in opposite walls being staggered. 

The tracks are laid in rock ballast. The 
ties are yellow pine, most of them having 
been treated, and the rails are 85-lb. 
A. S. C. E. standard T-rail. The curves 
for the train tracks are transition curves 
and the sharpest radius is 750 ft. The 
heaviest grade is 3°% on the approach to 
the Cambridge Bridge. Every third tie 
is longer than the others, to form a sup- 


are lined with terra-cotta ribbed tile split 
in half, laying 2 in. thick against the 
concrete wall. The ribs are vertical, serv- 
ing the double purpose of draining away 
any water which may percolate through 
the concrete and of allowing the air to 
circulate from the drain below up 
spaces between the ribs and out at 
top through ventilation blocks set in 
plaster finish of the upper part of the 
station wall. A so-called “sanitary base” 
is used, exposing a curved surface at the 
junction of the wall and floor for the pur- 
pose of easy cleaning. The base has a 
granolithic finish similar to that of the 
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floor. Above this granolithic base white 
enamel tiles are set in plaster to a height 
of 6 ft. The tile trimmings are green at 
Kendall Square, buff at Central Square 
and red at Harvard Square. The wall 
above the enameled tiling and the ceiling 
are finished in white cement plaster. 

There are some sidewalk lights in the 
stations, but generally artificial lights are 
relied upon. 

The subway line is lighted by incan- 
descent lights, so arranged as to be 
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brake as an ordinary automatic airbrake, 
and in case the train breaks in two the 
brake acts in this way. The magnetic 
control has the advantage that all the 
brakes are applied simultaneously. 

The motorman’s cab is so arranged that 
when not in use a seat is pulled up in it, 
and it can be used to accommodate pas- 
sengers. The cars are lighted by forty 
16-c.p. lights, arranged over the seats 
and through the center of the car, and 
are heated by 27 double-coil heaters. 
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time. There is also a connection with 
the surface-car tracks, so that surface 
cars may, if desirable, be repaired in the 
machine shop. 

The Hugh Nawn Contracting Company, 
Harry P. Nawn, President, was the con- 
tractor for the subway and tunnel work 
in Cambridge. The contract was a “per- 
centage-bonus-fine contract,” and _ pro- 
vided that the elevated should pay the 
cost of the work to the contractor, ex- 
cept for his personal services, small tools, 
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shaded from the eyes of an approaching 
motorman. 


ROLLING STOCK AND CARHOUSE 


The cars which are to be used are 
about 70 ft. long and 9'% ft. wide. They 
are all steel, except the wooden window 
sashes and doors. The seats are longi- 
tudinal. One-third of each car is par- 
titioned off by a steel partition with a 
double-leaved sliding door, so that it may 
be used for a smoking compartment. 
There are three doors on each side, so 
located that each one is substantially in 
the center of one-third of the car. These 
doors are to be used for entrance and 
exit indiscriminately. They are operated 
by air pressure controlled by electro- 
magnets operated by the guard from but- 
tons at either end of the car. An auto- 
matic mechanical lock is provided, which 
keeps the door shut without the necessity 
of holding it closed by air pressure. 
When all the doors are closed, an auto- 
matic starting signal is given to the 
motorman by means of a buzzer. A push 
button is located on the outside of the 
car beside each door, so that it may be 
closed by a guard standing on the station 
platform, but it cannot be opened by him. 

The Westinghouse pneumatic multiple- 
unit control is used. There are two 200- 
hp. Westinghouse interpole motors on 
each car, both motors being mounted on 
one truck. The voltage used is COO. 
The airbrake is controlled either pneu- 
matically or electrically. The electrical 
control consists of three needle valves, 
controlled by electromagnets energized 
by a storage battery. One of these elec- 
tromagnets is for service application of 
the brakes, another for emergency appli- 
cation, and a third for release. The usual 
triple valve is provided, but when the 
electric control is used it does not move. 
The motorman may, however, use the 
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Automatic couplers are used, and the 
drawbars are so arranged that the coup- 
ling of the air-hose is automatically per- 
formed. 

The Eliot Square carhouse occupies a 
space about 625335 ft. At one side is 
a machine shop with three tracks in it. 
Next, there are five tracks for inspection 
purposes provided with pits running their 
whole length. Next, there are six tracks 
for storage of cars, and beyond this is 
room for thrée more tracks which may 
be added at some future time. The ma- 
chine shop and inspection tracks are cov- 
ered, but the six storage tracks will be 
open. Footings have been put in for 
columns between these tracks, so that if 
found desirable they may be roofed over 
at a later date. 

There is a loop track running com- 
pletely around the carhouse, with a 
special platform on Boylston St. intended 
to accommodate crowds to and from foot- 
ball games at the Harvard Stadium, 
which is a short distance away along 
Boylston St. It is not intended to use 
this platform for passengers at any other 


etc., and, in addition, a fixed percentage. 
The contractor received, under the con- 
tract, a bonus arranged on a sliding scale 
for completing the work for an amount 
less than the engineer’s estimate. Had 
the cost exceeded this estimate, he would 
have been required to pay a fine. 

This work was constructed under the 
direction of Mr. George A. Kimball, Chief 
Engineer of the Boston Elevated Railway 
Company. The Designing Engineers 
were Messrs. E. R. Springer and Frank 
H. Carter. Messrs. F. B. Edwards, W. O. 
Wellington and R. B. Farwell were Divi- 
sion Engineers in charge of construction. 
Mr. Seth Peterson and Mr. E. E. Albee 
were in charge of the relocation bof 
sewers and water and gas mains, respec- 
tively. Mr. P. F. O’Brien was in charge 
of the finish of the stations. 


HILL TUNNEL 


The Beacon Hill Tunnel, about 2500 
ft. long, is shown in profile in Fig. 7. 
About 300 ft., extending from the portal 
at the western end, was built in open 
cut, as it was at or near the surface of 
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the ground. This work involved support- 
ing, cutting through and underpinning 
several buildings, most of which were 
comparatively small. From the end of 
this portion to a point about 210 ft. from 
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portion compieted in open cut. Only the 
portion of this section which was built in 
open cut was waterproofed. 

Fig. 8 shows sections of the tunnel in 
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nel was gradually enlarged to permit the 
necessary spreading of the tracks to 
accommodate the island platform at the 


station. Because of the tapering section 





open cut and tunnel portions, respec- at this point, it was impracticable to use 
the Park Street Station, the construction tively. Fig. 9 contains cross-sections the shield. A shaft was sunk in the Com- 
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PARK 


was carried on by means of a roof shield 
without using compressed air. 

The material encountered was, in gen- 
eral, a very hard mixture of sandy clay, 
with numerous” small stones’ and 
occasional boulders. Some irregular 
veins and pockets of sand, carrying small 
quantities of water, were encountered. 
This sand hindered work somewhat by 
caving in, but the difficulties were not 
serious enough to necessitate the 
of compressed air. 
about 65 tons, and was propelled by four- 
teen 8-in. hydraulic jacks of a capacity of 
80 tons each, with a maximum working 
pressure of 4000 lb. per sq.in. 

The method followed was, in general, 
similar to that used in the Cambridge 
portion of the subway, as described 
above. The sidewalls were kept about 
200 ft. in advance of the shield, and 
the invert was put in about 100 ft. be- 
hind the shield and arch. The normal 
progress of the shield was from 45 to 50 
ft. per week. The surplus earth was re- 
moved from the-tunnel, and all necessary 
materials were taken in through a shaft 
at the intersection of Phillips and Grove 
Sts., which is about in the middle of the 


use 
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ae Unloading Platformt (350 ft long) 
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through the Park Street Station. Fig. 10 
is a photograph taken in the Beacon Hill 
Tunnel on Nov. 11, and shows the tun- 
nel with the track partially completed. 
From a point about 210 ft. west of the 
Park Street Station the section of the tun- 
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SUBWAY 


mon 18 ft. long, as wide as the tunnel, 
and about 50 ft. deep, at the beginning 
of this section. The headings were 
started from this shaft, and all the ma- 
terial was handled through it. 

The method followed was to drive two 
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VIEW 


(Photograph taken Nov. 11, 
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tracks and the incline to the viadue 


headings, one on each side of the tun- 
nel, about 6 ft. high and 12 ft. wide, 
with the top of the heading at the level 
of the top of the side wall. These head- 
ings were then deepened to a total height 
of 20 ft., this deepening of the heading 
following 10 to 20 ft. behind the upper 
heading. The sidewalls were then built. 
A crown heading was driven at the same 
time as the side headings. The ground 
between the crown and side heading was 
then excavated to the outline of the out- 
side of the arched roof and lagged, this 
lagging being supported by braces on the 
core of undisturbed earth in the central 
portion of the tunnel. The successive 
pieces of this lagging were beveled in 
such a way that the lagging already in 
place supported the back end of the new 
portions until the proper bracing could be 
put under it. 

The lagging formed the outer form for 
the concrete tunnel arch. The inner form 
was built and supported upon the undis- 
turbed earth core. This method of con- 
struction made it possible to throw the 
concrete into the forms from the face of 
the tunnel instead of from the crown, 
which considerably simplified the opera- 
tion. 

The core was dug out and the invert 
was placed last. 
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Fics. 11 AND 12. THE CAMBRIDGE BRIDGE 


River on this bridge. The view 


leading to the west portal of the Beas 


The portion of the tunnel under the 
Common was carefully waterproofed, 
both to make the tunnel dry and to pre- 
serve the level of the groundwater in 
the Common in order to avoid injury to 
the trees. The waterproofing of the tun- 
nel arch consisted of two layers of “Min- 
wax” saturated cloth alternating with 
three layers of “Minwax”’ waterproofing. 
The sidewalls were constructed with an 
outside protective wall 8 in. thick, inside 
of which was placed four layers of tar 
paper, each layer mopped with pitch. The 
main sidewalls were then built inside this 
waterproofed protective wall. 

PARK ST. TERMINAL—Fig. 9 gives a 
plan of the new Park St. Station. The 
outlines of platforms and walls in the old 
station, which is above and generally at 
right angles to the new one, are shown 
in the drawing. The new station has 
been built with a view to its use as a 
through or way station when the subway 
is finally completed to South Boston. As 
stated above, it is below the level of the 
present Park St. Station: of the Tremont 
St. Subway. It is a two-track stub-end 
terminal. There is a loading platform 
between the two tracks, and there are 
unloading platforms outside of each 
track. For the present, trains will run 
into the station, passengers will leave 
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the Boston end shows the location of 


on Hill tunnel.) 


by way of the unloading platforms, and 
the passengers wishing to go to Cam- 
bridge will board the train from the load- 
ing platform in the center. The motor- 
man will change ends and the train will 
then be switched to its proper track and 
will return through the subway. By ref- 
erence to the drawing it will be seen that 
stairways are provided so that passengers 
may pass from either unloading plat- 
form up to either of the platforms in the 
old Park St. Station, or to Tremont St. 
by means of an escalator. Passengers 
may also pass from either of the plat- 
forms in the old station down stairways 
to the loading platforms between the 
tracks. The stairways connecting the old 
and new stations are intended to be used 
for the transfer of passengers. Direct 
entrance from the street is by means of 
two entrance stairways shown on Tre- 
mont St. These stairways lead to a lobby 
and ticket office above the tracks of the 
new subway, from which passengers de- 
scend by a stairway to the loading plat- 
form between the tracks. By this means 
the incoming and outgoing passengers are 
kept entirely separated at all times. 
The actual construction of this station 
beneath an existing one without dis 
turbance to traffic in the existing station 
was 2 difficult and slow undertaking. The 
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method followed was first to construct the 
new station as completely as possible 
under the old one, shoring up the invert 
of the old subway, now become the roof 
of the new one, by means of timbers 
placed 3 ft. apart in both directions. The 
new subway was constructed completely 
up to the beam seats which carry the 
beams supporting the floor of the old sub- 
way. Strips of varying width running the 
full width of the new subway were then 
cut out of the floor of the old station and 
the roof beams were lowered through 
these cuts to their places on the wall$ 
of the new subway. These beams were 
brought in and placed through the old 
subway during the night. The roof of 
the new subway was then constructed on 
these beams in its permanent position, 
supporting the tracks and platforms of 
the old subway. 


¢ s =t ew . 


+ 
xs 
% “ 
he 
i ee ? - 
eaten) a | x —_— = - 
+ + T + ; a 
| ' i 
bee 4 br 4 | 
| f ! 
i ae ks a 4 4 
K4 >= - _ - - ~~ 
er 
J 
4 
sy 
} be 
\ 
J 
\ ° 
yy . ° “ ? 
2 4 lie ~ su" —— 
{ t 3 
Se LL SS I ERECT Eee <5 
te r3-s5°< > 
Pes ooo ech dnces es 
Bo i a 
va : | 
oa r 
| | 
——J — 
Strinaer © Floorbearmm 
Fic. 13. CROSS-SECTION 


The length of this station is about 350 
ft. It is double-barrelled in cross-section 
for about one-half of its length. An 
overhead chamber, about 45 ft. wide, to 
provide for a connection with the then 
proposed Riverbank Subway, was built 
just west of the old Park St. Station. 
This chamber may be used in connection 
with the proposed Boylston St. Subway 
which was authorized by the last Legis- 
lature to take the place of the above- 
mentioned proposed Riverbank Subway. 

The contractor for Section 1, compris- 
ing the open cut and shield portions of 
the work was Patrick McGovern. Cole- 
man Brothers, contractors, constructed 
Section 2, which included the rest of the 
tunnel and the Park St. Station. The 
work was done under the direction of 
Boston Transit Commissioners George G. 
Crocker, G. F. Swain, H. G. Allen, Josiah 
Quincy and J. B. Noyes, Chief Engineer 


ENGINEERING NEWS 


Edmund S. Davis and Consulting Engi- 
neer Howard A. Carson. The division 
engineers were G. Dana Emerson and 
Wilbur W. Davis, in charge of Sections 
1 and 2 respectively. 


THE CAMBRIDGE BRIDGE 


The Cambridge Bridge, over which the 
elevated trains run in passing from the 
Cambridge to the Boston portions of the 
subway, is shown in the photographs Figs, 
11 and 12. It is a combined railway and 
highway bridge 105 ft. wide, 1767% 
ft. long between abutments, and nearly 
one-half mile in length, including abut- 
ments and apprdaches. The profile pro- 
vides for a 3°% gradient on both sides of 
the center with a vertical curve 800 ft. 
long over the central portion. 

The bridge of eleven steel 
arch spans varying in length from 101% 
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OF CAMBRIDGE BRIDGE 


ft. at the abutments to 188'. ft. at the 
center, and in rise from 8'4 ft. to 26'% 
ft. Each arch span consists of twelve 
two-hinged steel arch ribs of I-shaped 
plate-girder section which vary in depth 
from 3 ft. in the shortest spans to 4% 
ft. in the center or longest span. The 
spacing of these ribs is shown in Fig. 13, 
which gives a cross-section of the road- 
way and shows the construction finally 
adopted for the railway portion. The 
roadway is carried by vertical posts 
which rest upon the top flanges of the 
ribs, and their longitudinal spacing is 
the same in all spans, the difference in 
length of the spans being in all cases a 
multiple of the distance apart of the 
posts. 

The view Fig. 12 is taken from a point 
above and to the right of the Boston end 
of the bridge and shows very clearly the 
location of the railway tracks on a reser- 
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vation in the center of the bridge and 
separated from the roadway on either 
side by a heavy iron railing. The stone 
walls enclosing an earth fill and rising 
in the foreground are for the connection 
to the elevated structure, which extends 
from this point to the portal of the 
Beacon Hill Tunnel. The four lines 
of I-beams which support the railway 
tracks on the bridge are very clearly 
shown in the photograph. 

The bridge spans are supported on ten 


masonry piers and two massive abut- 
ments. The foundations of the piers 
are very massive. They are from 150 to 
200 ft. long, and from 36 to 67 ft. wide 
and are supported on piles driven into 
boulder clay overlying bed rock. The 


two large central piers are 53 ft. wide at 
the coping and 188 ft. long. These two 
piers are of cellular construction, the 
granite facing on the sides being backed 
with concrete which has a total thickness 
of 10!. ft. at the coping. The sides of 
the piers are connected on the lines of 
the ribs and skewbacks by smaller walls 
of concrete 5 ft. thick, which transmit 
the thrust of the arches to the founda- 
tions. In general, the masonry consists 
of substantial outer walls of granite with 
concrete interior walls. 

The writer wishes to express his appre- 
ciation of the kindness of Mr. Kimball, 
and his staff, of the Boston Elevated, of 
Messrs. Swain and Davis, of the Transit 
Commission, and of Mr. F. H. Fay, 
Deputy Commissioner of Public Works 
of the City of Boston, in furnishing in- 
formation, cuts and photographs 
which this article 


from 


was written. 


Development of the Philippine Islands 


in the dozen years of American occupa- 
tion is well shown in the annual report 
of Gen. Clarence R. Edwards, Chief of 
the Bureau of Insular Affairs The in 
ports have increased from ibout $20,- 
000,000 in 1900 to nearly $50,000,000 
1911 About two-fifths of the imports 

me from the United States. The ex 
port trade of the island has increased in 
almost s reat a ratio, fron littl 
over $20,000,000 in 1900 to nearly $40,- 
000,000 in 1911 


A Tool Box Built on Skids is described 


by James W. Beebe in “Engineering nd 
Contracting” for Jan. 10, 1912 Mr. Beebe 
states that the box has proven satisfac- 
tory and is easily handled by one mar 
and a team He continues his descrip- 
tion as follows 

The box proper is made 6% ft. long 
inside by 3 ft. wide, 2% ft. high in front 
and 4 ft. high behind All measurements 
except the first are outside dimensions 
The small box increases the length about 
2 ft. and is 2 ft. high on the low side 
The runners should be of 3x8 in. by 10 
ft.. with eyve-bolts, so the box may be 
pulled from either end. The upright 
posts are of 2x4-in. pieces and extend 6 
in. down alongside the runner The ones 
at the rear of the box Are brought 6 
in. above the top to support the lid 
when open. The 2x4-in. pieces on which 
the floor is laid are let into the runners 
at least an inch and are spaced when 
possible so. the uprights are directly 
against them This construction makes 
a very strong box that may be handled 
very roughly without damage The 
smaller compartment is especially con- 
venient for nails, oil cans and small 


tools. 
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Tests of Coal Tar Paint* 


In 1901, A. B. Cunningham, civil en- 
gineer U. S. Navy, originated a coal-tar 
paint for protecting iron and steel work. 
He was at that time stationed at New 
Orleans Naval Station in charge of the 
floating dry-dock and the idea of using 
coal-tar as the basis of a paint was sug- 
gested by the river craft about New 
Orleans which used raw coal-tar on their 
submerged portions. However, there were 
objections to the use of raw _ coal-tar 
since it never permanently set and was 
very apt to run at high temperatures and 
to crack (alligator). Moreover, it con- 
tained some un-neutralized acids, which 
were apt to attack the steel. It is claimed 
that the paint finally devised embodied 
the good features of raw coal-tar but 
eliminated the undesirable ones men- 
tioned. As described by Mr. Cunning- 
ham in ENGINEERING News, July 12, 
1906, it is composed of coal-tar, kerosene 
and portland cement in proportions of 
8:1:1 to 16:4:3. 

This paint has been used on the sub- 
merged pontoon of the floating steel dry- 
dock at New Orleans, on the floating 
steel dry-dock “Dewey” in the Philip- 
pines, at the Government naval stations 
in New York and Key West, and as a roof 
paint on the buildings in the Panama 
Canal Zone. 

The paint was devised originally for 
use on metal surfaces but has been used 
for protecting wood, and to a limited ex- 
tent for waterproofing brick and concrete 
work. 

In order to obtain data on the water- 
proofing properties of such paint ex- 
tended tests were carried out as outlined 
below. Briefly stated, they consisted of 
comparing the holding qualities of a con- 
crete tank, painted and unpainted. 

The tank was 12 in. square outside and 
18 in. high. The inside was 13 in. deep, 
4 in. square at the bottom, and 7 in. at 
the top. It held 394 cu.in. of water and 
when full had 304.5 sq.in. exposed ‘o 
the water. 

The concrete was made up of one part 
portland cement, three parts sand and 
six parts of well assorted gravel; it was 
mixed rather wet to insure close packing. 
This is the leanest concrete that is used 
by yards and docks for mass concrete 
and is very porous. The tank was 
covered with a wooden cover having a 
soft packing on the underside in order 
to prevent evaporation. 

Test No. 1—An empty, unpainted tank 
was immersed in a bosh of water. The 
water which crept through rose 7 in. in 
the first 24 hours and in the next 24 
hours the tank was entirely filled. That 
is, 394 cu.in. of water leaked through 
in 48 hours, or 8.2 in. per hour. 





*From 
e , 
partment, 
Foint, Md. 


information furnished by Mr. 
Barrett, Manager of the Paint De- 
Maryland Steel Co.. Sparrow’s 
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This tank was removed, thoroughly 
dried and filled with water. It was found 
that 6 in. of water leaked out during the 
first 24 hours and the tank was empty 
at the expiration of the next period of 


24 hours. This showed that the out- 
werd leaking and infiltration took the 


same length of time. 
Test No. 2—The same tank was thor- 
oughly dried and then the outside was 


given one coat of coal-tar paint. After 
this had dried a second coat was ap- 
plied. The total surface painted was 


1008 sq.in. (7 sq.ft.). The paint required 
for the application of the two coats was a 
little less than one pint; 60% of this 
amount was used on the first coating and 
the remainder, 40%, was used on the sec- 
ond coat. 

This tank, painted on the outside, was 
then placed in a bosh of water, and 
carefully observed so that the slightest 
infiltration would be noticed. After 755 
hours, the tank was removed; the inside 
was perfectly dry, not even showing a 
trace of dampness. The reason for re- 
moval at this time was the necessity of 
making another test with the same tank 
(Test No. 4). 

Test No. 3—A tank was painted on the 
inside and then filled with water. After 
standing for one week, there was no trace 
of a leak, and it was very evident from 
the dry outside that no water had come 
through. For comparison it should be 
noted that in the previous test of an un- 
painted tank, under similar conditions, 
394 cu.in. of water leaked out in 48 
hours. The above were for the 
pressure of the water directly against 
the paint. The following one was made 
to study the effect of water on the un- 
der side of the paint where the film 
would be forced away from the concrete 
wall instead of against it. 

Test No. 4—The tank which had been 
used for Test No. 2, (painted on the out- 
side) was filled with water. After 106 
hours no leakage was shown, even though 
the water did not press directly against 
the painted surface. 

The tank used for Test No. 3 (painted 
on the inside) was then placed in a bosh 
of water. After 118 hours there was no 
evidence of infiltration. 

PRESSURE TESTS—The above tests were 
repeated under increasing heads which 
were secured by bolting the covers on 
watertight, screwing a pipe’ through 
them, and connecting to a test pump 
which drew water from a reservoir in 
which the amount drawn could be easily 
measured; the readings of leakage tabu- 
lated below were taken at one minute in- 
tervals and each represents the total up 
to the time of reading. 

Test No 5—An ordinary, unpainted, 
tank was connected to the tect pump 1s 
described above. The tank burst at a 
pressure of 28 Ib. per sa.in.; the leakage 
was as shown in the table at the top of 
the next column. 


tests 
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Water 

Pressure; Equiv- leaked 

Ib. per alent through; 
sq.in. head; ft. cu.in. 
5 11.5 3 
10 23.0 1s 
15 34.5 65 
20 16.0 214 
25 57.5 432 
28 64.5 631 

Test No. 6—The tank used for Test 


No. 2 was used (painted on the outside). 
It did not pass water until subjected to 
22 Ib. per sq.in.; it burst at 50 Ib. per 


sq.in. The leakage is given below. 
Water 
Pressure; Equiv- leaked 
Ib. per alent through; 
sq.in. head; ft. cu.in. 
5 11.5 0 
10 23.0 0 
15 34.5 0 
20 46.0 0 
22 50.7 2 
25 57.5 57 
30 69.0 123 
35 80.5 212 
40) 92.0 296 
5 103.5 318 
50 115.0 431 
Test No. 7—This test was made with 


the tank that was used for Test No. 3 
(painted on the inside). It did not com- 
mence to pass water until under a pres- 
sure of 35 Ib. per sq.in.; the breaking 
pressure was 74 lb. per sq.in. 


Water 
Pressure; Equiv- leaked 
Ib. per alent through; 
sq.in. head; ft. ecu.in. 
10 23.0 0 
20 16.0 0 
30 69.0 0 
35 80.5 3 
40 92.1 47 
50 115.0 136 
60 138.0 211 
70 161.0 287 
74 170.4 365 





The Use of Coasting Clocks on cars of 
the Chicago Railways Co., to secure closer 
attention of motormen_ to 
the subject of a 
by Mr. J. 1). 

The 
installed 


maximum 
recent re- 
engineer of 


coasting, is 
port Elsom, 
coasting-time recorders were 
steel 
cars operating on the Van 
and 
from 


tests 
on 50 prepayment-type 
Buren St. line, 
tests were carried on continuously 
Feb. 25 to July 1, 1911. 3efore the 
were installed a five-weeks test 
consumption was made _ for 
with expected results. This 
line was selected for equipment as being 
the where it Was difficult to 
coast, on account of narrow streets, con- 
gestion of street traffic and a fast sched- 
ule. An average saving of 15.6% in 
for propulsion and of 40.8% in 
shoes was found. The 
annual this line (based on 
actual during test periods, was 
$7782 for power and $562 for brake shoes. 
The interest on cost of extra equipment, 


clocks 
of power 
comparison 


one most 


power 
brake estimated 
saving on 


savings 


supplies, ete., amounted to $1925, leaving 
an estimated net income of $6419, a re- 
turn of 122.2 on extra investment. The 
same rates applied to the entire system 
of the company, on a basis of car-miles 
and kilowatt-hours (at 1c. per kw.-hr.), 
showed a gross annual saving of $284,188 
for power, and $22,472 for brake shoes. 
The annual cost of the clocks would 
amount to $40,868, a saving of $265,792. 

Moreover, it was found that the 15.6°7 
saving in energy resulted in a 14% 
duction of station peak loads. The 
clocks enabled detection of inefficient 
motormen, and it was found that these 
men used about 82% more power than 
the better men through sudden and 
ragged acceleration. 


re- 
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A 1000 H.P. Gas Turbine 


A 1000-hp. internal-combustion turbine, 
described by H. Holzwarth before the 
Schiffenbautechnische Gesellschaft at 
Berlin, Germany, on Nov. 23, 1911, is 
shown in the accompanying figure (re- 
produced from London Engineering of 
Nov. 24, 1911). As in previous designs, 
a mixture of gas and air is exploded in 
a chamber, expanded in nozzle outlets, 
and caused to flow against the blades of 
a turbine wheel to convert its velocity 
energy into mechanical work. Separate 
compressors are required to supply gas 
and air, and a pump is needed to maintain 
a vacuum at the exhaust. 

The stomach-shaped explosion cham- 
bers are arranged in a circle in a cast- 
iron base. A vertical turbine shaft is 
used, being supported only at the top 
by a thrust bearing, but with a guide 
bearing below to preserve alinement. 
This method of design permits accomo- 
dation of expansion of the turbine parts. 
It is reported that smooth running has 
been obtained at all speeds, although 
the turbine casing has reached a temper- 
ature as high as 500°C. The exhaust 
is piped through a regenerator where it 
is made to evaporate the water needed 
as steam to run the auxiliaries. The 
surface of the regenerator is practically 
the same amount as that in the condenser 
of a steam turbine of like capacity. 

The several valves are of poppet type, 
but governed by oil pressure under small 
pistons on the valve spindles. The oil 
is furnished by a rotary pump on the 
governor shaft, which also drives the 
governor, a tachometer and an ignition 
timer. 

It is claimed that the machine shown in 
the accompanying figure has less than 
one-third the floor space needed for a 
reciprocating gas engine of the same ca- 


pacity and less than one-fourth the 
weight. 

In operation, an explosion chamber is 
first filled with air and then gas 


is forced in. On ignition (methods not 
given further) the inlet valve is shut and 
the outlet valve forced open by the explo- 
sion. The gases rush out and expand in 
proper nozzles before flowing through the 
blade passages. As the combustion-cham- 
ber pressure drops off, the outlet valve is 
forced to its seat by a spring, but its 
action is regulated by oil pressure under 
a controlling system, so that the valve 
remains open long enough to insure good 
scavenging by the incoming air o1 the 
succeeding charge. The cycles of opera 
tion in the different explosion chambers 
are so timed that the explosions follow 
each other around the circle. The engine 
as designed is to develop an explosion 
pressure of only about 150 Ib. per sq.in. 
and to maintain the temperature of 
gases through the blading at less than 
400° C. 
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Rapid combustion, but not detonation, 
was desired. On light loads, no trouble 
was found, but with heavy fuel 
charges needed for greater loads the tem- 
peratures rose above the expected figures 
and detonation of the full chamber con- 
tents occurred. On carrying loads and 
fuel charges higher, an explosive wave 
developed -which caused combustion to 
take place partially among the turbine 
blades. By abandoning air cooling, sub- 
Stituting water jackets for the free heat- 
ing spaces above and below the combus- 
tion chambers, and by taking air and gas 
directly through the inlet valve, difficul- 
mentioned were removed for all 

This was done, however, at some 


ties 
loads. 


expense of efficiency. 


SECTIONAL ELEVATION OF A _ 1000-HP. 
Gas TURBINE 
(Built by Brown, Boveri & Co.. for H. 


Holzworth, Mannheim, Germany.) 

It was stated that earlier work on 
smaller units and the tests of this larger 
one at light loads showed an expected 
total-efficiency curve rising from about 
20 to 30%. The actual performance has 
fallen short of the expected at the larger 
loads on account of the heavier losses 
due to adding the water jacket men- 
tioned above as necessary to eliminate 
combustion troubles. 

No trouble has been found at any time 
with erosion of the turbine blades, which 
is explained by the dryness of the gases 
passed through. 

The machine shown in the accompany- 
ing figure was built to the author’s plans 
by Brown, Boveri & Co., at Maanheim, 
Germany. 
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A.Song of the Rail-Joint 


A lyric poem on warts would hardly be 
enthralling. The ordinary man fails to 
find romance in warts, or corns, or rail- 
joints, which so far as troublemaking is 
concerned may be called the corn on the 
rail. Yet we find in the shadow of the 
new year that an uptodate verse-smith 
has boldly made the rail-joint and its 
alleged music the theme of a poem. 

We print the poem below for the edi- 
fication of those of our readers who 
know whether suspended joints are bet- 
ter than supported joints or not and the 
difference between their music. 

Curiously enough, the author of the 
poem, Damon Runyon, calls it “A Ballad 
of the Brake-Beams.” But brake-beams 
play only a sentimental part; the sin- 
ger of the song which he has put into 
words is the humble rail-joint, which to 
the eye appears stationary and silent. 


Do you know what a freight train says 
to a guy 
When he's ditched, and it goes rumblin’ 


by? 

Rumblin’ along it sings a song, 
is the song it sings so high: 

Ham-2gazzam-gazZam-gazzam! 


and this 


Do you know what it meanstoatravelin’ 
gent 

When he’s t’run from a train, and broken 
and bent 

He lies there hurt, in the 
while the train sings 
way it went? 

Ham-gazzam-gazzam-gazzam! 


dust and dirt, 
back from the 


Do you know what it is to suffer from 
cold, 

From thirst, 
rolled 

Offen a deck on 
while the song 
miles enfold? 


Ham-gazzam-gazzam-gazzam! 


then be 


back o’ your neck, 
back where the 


and hunger, and 
the 


comes 


Do you know when a freight train hits 
a switch 

Wit’ a roar and a slam and a snaky 
twitch— 


The hymn so grim it sings to him as he 
lays watchin’ it from the ditch? 
Ham-gazzam-gazzam-gazzam! 


That's what a freight train says to a guy 

When he’s ditched wit’ a boot from a 
brakeman spry— 

Cussin’ his luck he lays there stuck ‘till 
another train comes a-rumblin’ by— 

Ham-gazzam-gazzam-gazzam! 

“New York 


[From the American’ ] 








The Standardization of Vitrified Sewer 


pipe was the subject of a paper read be- 
fore the recent meeting of the British 
Institute of Sanitary Engineers, by Mr 
James Farley, Vice-President of the In- 
stitute. Nine suggestions for standard- 
ization were suggested, most of which 
were beautifully indefinite The author 
proposed that pipes should be kept with- 
in “a certain limit as regards deviation 
from straightness’; that the diameter 
“must not vary beyond a fixed margin” 
that the joint space should be “uniform 
and suitable’; that the thickness “must 
not be less than the minimum”; that the 
pipes must be “nonporous,” “capable of 
standing a proper pressure,” “must not 
exceed a fixed margin of expansion be- 
tween freezing and boiling points,” and 
“must not be liable to disintegration.” 
The only definite suggestion in the 
whole nine was that “all pipes must be 
branded.” The author stated that the 
British Engineering Standards Commit- 
tee, appointed some ten years ago by the 
Institution of Civil Engineers, is endeav- 
oring to establish a standard for the 


manufacture of vitrified sewer pipe. 
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Catskill Aqueduct Control Valves 


The development of gravity systems of 
water supply may be considered as con- 
sisting of two basic operations, namely, 
storage of water and control or regula- 
tion of its flow to serve the purposes for 
which it is to be used. The rate of flow 
of water from a reservoir is usually con- 
trolled by gates or valves which are 
minor details in point of cost as com- 
pared with a main structure such as a 
masonry dam, but which are, neverthe- 
important for the convenient and 
proper operation of the works. The pur- 
pose of this article is to describe the con- 
trolling valves now ready for installation 
at the headworks of the Catskill aque- 
duct, with of the considerations 
which led to the evolution and adoption 
of their design. 

The function of these valves is to regu- 
late the quantity of water admitted to the 
aqueduct to suit varying demands. They 
will be located in what is known as the 
lower gate chamber, one of the group of 
structures forming the headworks of the 
Catskill aqueduct A valve 


less, 


some 


controlling 





al 


By James Owen* 


In seeking a suitable type 
of 48-inch valve for regulat- 
ing the flow of water at the 
headworks of the Catskill 
Aqueduct, New York, the 
engineers finally chose a 
‘‘needle-valve’’ design. 

The valve is operated by 
an electric motor arranged 
for automatic control by 
means of a five-pole switch. 
Limit switches are provided 
to stop the motor at the 
full open or closed position. 

The specifications for the 
valve materials, which gave 
good results, are given in 
the article. 


*Assistant het 
York Board of \ 
way, New York ¢ 


ly leer 
Vatet 
vity. 


Designer, New 
supply, 165 Broad- 


feasible, but several studies were made 
for the purpose of designing a valve that 
would give a central delivery of water 
when partially opened by using two over- 
lapping stop-plates or disks, sliding past 
each other and arranged to form a varia- 
ble orifice at or near the center of the 
waterway. The size of the orifice would 
be regulated by vertical movement of the 
stop-disks from the closed position to 
wide open, when the full size of the 48- 
in. circular waterway would be attained. 
The stop-disks would run on _ vertical 
guides similar to those of an ordinary 
gate valve. 

A valve of this type would fulfill the 
condition of central delivery when partly 
opened, but would probably be liable to 
the serious objection of “chattering” or 
vibration of the stop-disks on _ their 
guides. The chattering tendency of 
partly open valves is a more or less well 
known phenomenon and has given trouble 


in some notable water-works _installa- 
tions. In one case where 24-in. gate 


valves were used to throttle the flow, the 
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is essentially different from a stop-gate 
in that it is usually used partly open, 
and there are difficulties inherent to the 
operation of an ordinary gate valve in 
this way. A gate valve open a few 
inches presents a crescent-shaped open- 
ing through which the water under any 
considerable head impinges at high 
velocities on the invert portion of the pipe 
immediately beyond the valve, where it 
may cause erosion and consequent thin- 
ning of the metal. The renewal of such 


Two Views OF ONE OF THE 48-IN. 


pipes may be attended by considerable 
difficulty and expense. 

In considering this objection, the use 
of a pipe invert formed of removable 
manganese-steel plates was proposed but 
abandoned as a subterfuge rather than a 
real solution of the problem. The de- 
termination was then made to design a 
valve having a central opening, an early 
idea being to make it something on the 
order of the iris light-diaphragm of a 
camera. This did not seem mechanically 


CONTROLLING VALVES FOR THE CATSKILL AQUEDUCT 


resulting vibration broke off the flange 
bolts of some appurtenant connections. 
These considerations led to the ruling out 
of the flat-plate or disk principle of 
design. 

The suggestion that a needle type of- 
valve could be designed to meet the con- 
ditions came from Arthur West, consult- 
ing mechanical engineer to the New York 
Board of Water Supply. Preliminary 
studies were started and a final design 
believed to be satisfactory was rapidly 
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evolved. One of the valves as eventually 
constructed is shown in Fig. 1. 
CONSTRUCTION 

The construction and working principle 
of the valve will be apparent from Fig. 2. 
It consists essentially of a body or shell 
containing a projectile-shaped plug mov- 
ing horizontally. The closure is effected 
by the seating of the plug against the 
downstream neck of the shell. Although 
spoken of as a needle, the plug is a 
rather grotesque evolution, on account of 
its size, from anything like the usual 
needle or spindle of this type of valve. 
The plug is operated by means of a hori- 
zontal screw stem, planed bevel gears 
and a vertical drive shaft. The gears are 
mounted and inclosed in a chambered 
spider casting which takes the screw 
thrust and which has an extended neck 
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leakage away from the 
packing is being placed. 
The valve is bolted to an expansion 
piece (shown in Fig. 2) having a man- 
hole and a special spigot end which fits 
the extra long bell of a special wall cast- 
ing. The expansion-piece spigot may he 
pulled into this long bell by lug bolts so 
as to give clearance between valve flange 
and expansion-piece flange, to facilitate 
installation or removal of the valve. 


stem while the 


OPERATING MECHANISM 


The vertical drive-shaft through which 
the valve is operated extends through 
babbitted wall brackets to an operating 
stand, as shown in Fig. 3, at the gate- 
chamber floor level. Power is supplied 
by an electric motor, specifications for 
which called for ‘“‘a -hp., 120-volt, 
650-r.p.m., multipolar, compound-wound, 


7) 
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thrown across the line and its starting 
resistance thrown out in proper sequence 
through contactors whose operation is 
successively controlled by a series of re- 
lays operated by the armature current, 
until such time as the motor is in full 
operation with its armature directly across 
the line. 

The movement of the valve plug is ac- 
companied by a corresponding movement 
of a limit switch consisting essentially of 
a traveling nut driven by- a screw which is 
connected by chain drive to the 
drive-shaft of the valve, so that 
latter revolves, 


main 
as the 
the nut moves along the 
screw. When it reaches a point in its 
travel corresponding to a point in the 
valve-plug travel where the plug is within 
about 1 in. of its full-open or full-closed 
position, the nut engages a moving con- 
tact placed in the control circuit of the 
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to assist in guiding the plug. The shell 
is provided with.a 4-in. drain valve. 

The entrance opening of the valve is 
60 in. in diameter and the body is swelled 
to form an annular waterway with area 
slightly in excess of that of the 48-in. dis- 
charge opening, the object being a grad- 
ual and only slight change of velocity of 
water in its passage through the valve. The 
maximum static working head to which 
these valves will be subjected will be 100 
ft. A heavy design was adopted out of 
regard for to take of 
vibration. should there be any, and to be 
in keeping with the substantial character 
of the other Catskill works and appur- 
tenances. 

A somewhat novel feature is the verti- 
cal drive-shaft stuffing-box which is de- 
signed to permit the packing to be re- 
newed while the valve is under pressure. 
The gland casting is enlarged and pro- 
vided with a ring having diffusion chan- 
nels leading up and out to an annular 
space which has a 3-in. drain eutlet. The 
purpose of the diffusion piece is to divert 


corrosion, care 


ELEVATIONS OF 


48-IN. CONTROLLING VALVE 


totally inclosed, 

complete.” Detail 
covering materials, 
ency, temperature etc., were also 
furnished. Speed reductions in the ratio 
of 103 to 1 are obtained by means of a 
sprocket-chain drive and worm gearing. 
A chain drive of the silent-running high- 
speed type was specified, with cut steel 
sprockets. The worm gearing is of the 
Hindley type, so machined that at least 
three teeth will always be in contact. The 
worm is of mild steel and the wheel of 
Cramps No. 2 bronze gear metal. A 
spherical thrust or step bearing sustains 
the weight of the vertical drive shaft. 
This bearing and the worm gearing are 
provided with oil baths, the oil being 
circulated by means of a sprocket-driven 
pump. . 


direct-current motor, 
motor specifications 
construction, effici- 
rise, 


Automatic Motor CONTROL— The 
motor control is so designed that by 
throwing a five-pole switch into the 


“open” or “closed” position, when it is 
desired to open or close the valve, the 
driving motor will be automatically 


CONTROLLING VALVE IN PLACE IN 
GATE CHAMBER 
motor. This automatically throws into 


the armature circuit of the motor a suffi- 
cient quantity of resistance to reduce the 
torque of the motor to full-load torque, 
or slightly below. This reduces the speed 
of the motor that the last inch of 
travel of the valve is at greatly reduced 
speed. 

As the valve reaches the fully opened 
or closed position, the limit-switch nut 
engages a second moving contact which 
the overload coil of the 
controller and automatically disconnects 
the motor from the line. The point of en- 
gagement the limit-switch nut with 
each of its moving contacts is adjustable 
so that the point of slowing down and the 
point of stopping the motor can be 
altered to suit working conditions and the 
amount of resistance in the armature cir- 
cuit is also adjustable. The limit-switch 
nut carries an indicating arrow which 
marks on a properly graduated plate the 
position of its vaive, both as regards 
inches of travel and square feet of water- 
way area. 


So 


closes release 


of 
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It was deemed advisable to mechanic- 
ally safeguard possible failure of the 
automatic electrical control to properly 
operate when the plug reaches its ex- 
treme of travel in either direction. For 
this purpose the motor pinion is provided 
with a friction device, practically a clutch, 
which will be adjusted so as to transmit 
not more than 1'4 times the full-load 
motor torque, 


MATERIALS 


The materials entering into the manu- 
facture of these valves were required to 
meet the following specifications, which 
gave first-class materials without hard- 
ship to the manufacturers: 


Cast Iron—<All iron castings shall be 
smooth, free from serious defects and 
well cleaned. The quality of iron shall 
be such as will make strong, tough, 


even-grained castings, but sufficiently 
soft for Trans- 

test pieces 26 in. long by 2 in. wide 
in. thick, when placed flatwise up- 
and loaded in 
load of 2200 


not 


satisfactory machining. 
verse 
and 1 
on supports 24 in. 
the center, shall 
Ib. and show a deflection of 
0.35 in. without showing 

Steel Castings—Stecel 
the 


process, 


apart 
support a 
less than 
signs of failure. 
castings shall be 


made by openhearth, crucible or 


and shall be properly 


shall 


bessemer 


annealed. Castings not contain 


more than 0.05°¢7 of phosphorus or of 
sulphur. Tensile strength shall be not 
less than 60,000 Ib. per sq.in., with an 
elastic limit of not less than 27,000 Ib. 
per sq.in. Elongation shall be not less 
than 22%, with a contraction of area of 
not less than 30°7. A specimen 1x1!,-in 


around a 
angle of 


when cold, 
through an 


shall bend flatwise, 
diameter of 1 in. 


120° without fracture on the outside of 
the bent portion. Castings shall be sus- 
pended and hammered all over in the 
presence of the engineer, and any seri- 
ous defects which appear after such 
treatment shall be cause for rejection. 
Castings shall be true to pattern and 


free from serious flaws or. shrinkage 


cracks. Bearing surfaces shall be solid, 
and no porosity will be allowed in places 
the resistance and value of the 
for the intended will be 
thereby. 

Castings — Bronze 


the following 


where 
casting 
affected 
Bronze 
shall conform to 
quirements: 


Class A. 


purpose 


castings 
ree 
Copper, 87% 


to 89%; tin, 11% 


to 9°): zine, remainder. Tensile strength 
not less than 30,000 Ib. per sq.in. 

Class B. Copper, 82% to 84% tin, 
14.5% to 12.5°7; zine, remainder. Ten- 
Sile strength not less than 39,000 Ib. per 
sq.in. 

All bronze castings shall be made of 
new metal, shall be free from objection- 


able imperfections and shall conform ac- 
curately 

from the 
required, will be broken to determine the 
and to ascertain the 
the grain of the metal. 
being machined, 
imperfect 


to patterns. Specimen bars cast 


same heat, or coupons if so 
tensile strength 
uniformity of 
When tkh> 
if the metal shows signs of 
mixing, they shall be re jected 

Plugging Castings—lPatchinge or plug- 
will allowed exe 
defects then only 


castings are 


ging of castings not be 


cept for minor ind 


when approved 
Mild Steel—Mild steel 


shall contain not 


more than 0.05¢ of phosphorus or of 
sulphur Test specimens shall have a 
tensile strength of not less than 58,000 


Ib. per sq.in., with an elastic limit of not 
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than 29,000 Ib. 


elongation of 


‘ess and an 
specimen 1% in. 
shall bend when 
diameter of % in. 

outside of bent 


per 
28%. <A 
wide by ‘Je in. thick 
cold 180 around a 
without fracture on 
portion. 


Sq.in.. 


iron 


process or 


Wrought [ron—Wrought shall be 
the puddling rolled 
from fagots or piles made from wrought- 


made by 


iron scrap, alone or with muck bar add- 
ed. It shall have a tensile strength of 
not less than 50,000 Ib. per sq.in. and an 
elastic limit of 25,000 Ib. per sq.in. with 


an elongation of 25° 


Tobin Bronze—The tensile strength of 
Tobin bronze in rolled round bars up to 
and including 11,-in. diameter, shall be 


60,000 Ib. per sq.in.; up to and including 


3-in. diameter, 55,000 Ib. per sq.in.; above 
3-in. diameter, 50,000 Ib. per sq.in. The 
elastic limit shall be not less than one- 


half the tensile strength with an elonga- 


tion of not less than 20°. 

Manganese Bronze — All manganese 
bronze shall be equal to Spare’s or Par- 
sons manganese bronze and shall have 


a tensile strength of not less than 65,000 
Ib. per sq.in., an elastic limit of 45°) of 
the ultimate tensile strength, and an 


elongation of not less than 25°. 


Brass Rivet Rod—The tensile strength 
of brass rivet rods shall be not less than 
55,000 Ib. per sq.in. The elastic limit 


shall be not less than 30,000 lb. per sq.in. 
with an elongation of 
Babbitt Metal—LBabbitt 


20%. 


metal shall be 


made of the following: 3.7°7 of the best 
refined copper; 88.8; of Banea tin, and 
7.5° of antimony. The materials shall 
be well fluxed with borax and resin in 
mixing. One chemical analysis shall be 
made from every 100-lb. lot, or less. 
Gaskets—All gaskets shall be made of 
the best quality 10-oz. soft corrugated 
Lake copper 99.5°7 pure. All circular 


under 40 in. inside diameter and 
all strip gaskets shall be without joints. 

General specimens and 
samples of metals, or any other material, 
shall be prepared for 
directed at any time during 


gaskets 


Tests—Test 


ready testing as 


the making 


or working and supplied in the number, 
finish and size required. The contractor 
shall furnish the use of testing ma- 
chines and all reasonable facilities and 
assistance for the work of inspection. 
The engineer may make such tests, 
either physical or chemical, as he deems 


necessary to determine the quality of 


any material. 


Standard Test Pieces—The standard 


test piece for measurements of tensile 
strength and elongation shall be % in. 
in diameter, and 2 in. long between 


shoulders. 


The body, or shell, plug and expansion 
piece are steel castings and are section- 
alized where necessary for convenience 
in handling and machining. The body 
parts are bolted together with steel 
bolts provided with “Class A” bronze 
nuts, tight joints being made by means 
of corrugated copper gaskets between 
flanges. A sufficient number of fitted 
bolts of Tobin bronze are provided to 


secure and maintain alignment of the 
parts. The seat and plug rings are of 
“Class A” bronze, and the guides and 
guide shoes are of “Class B” bronze. 


Finish cuts were taken over these rings, 
guides and guide shoes after bolting or 
screwing in place. The screw stem is of 
Tobin bronze and the bevel gears of man- 
ganese bronze. “Class B” was specified 
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fer stem and drive-shaft bronze bushings. 
The vertical drive shaft is of steel except 
the lower section in the valve itself, and 
this is of Tobin bronze. 

The assembled weight of valve with 
plug was 31,000 lb. The heaviest single 
casting was a spider or entrance casting, 
which weighed 13,200 Ib. 

Each valve was subjected to two hydro- 
static tests in the shop. The first test was 
made with the valve wide open, with blind 
flanges bolted to the entrance and dis- 
charge openings. The second test was 
made with the valve closed and the blind 
flange on the discharge opening removed. 
In both tests a pressure of 100 Ib. per 
sq.in. was applied for a period of 30 min., 
during which all castings and joints were 
required to be watertight, with no leakage 
through the seat. 

After testing, the valves were painted 
inside and out with two coats of a 
black varnish composed of pure Trinidad 
asphaltum and linseed oil. 


ENGINEERS AND CONTRACTORS 


A contract for four controlling valves 
complete with operating mechanisms and 
expansion pieces was let to the Ogden 
Iron & Steel Co., of New York. The 
steel castings were made by the Midvale 
Steel Co. The machine work was done 
by the Watson-Stillman Co., of New 
York. 

The valves, operating mechanisms and 
control were designed and built under the 
supervision of J. Waldo Smith, chief 
engineer, New York Board of Water 
Supply; Alfred D. Flinn, department 
engineer, and Horace Carpenter, me- 
chanical engineer, in consultation with 
Messrs. John R. Freeman and Arthur 
West. 








Forestry Planting by the Water Board, 
of Baltimore, Md., is proposed. If the 
plan is carried out, that city will do what 


a number of others have already done 


in the same line. For the following 
statement of what is proposed at Balti- 
more, we are indebted to Ezra B. Whit- 
man, Water Engineer, of Baltimore: 


In yegard to the question of foresting 
the drainage area of the Gunpowder, the 


Water Board at its last meeting adopted 
as its policy my suggestion of carrying 
out a definite scheme of foresting the 


property along the reservoir on the lands 
owned by the city. The city will in 
all probability acquire between 2000 
and 3000 acres of land on both sides of 
the reservoir. A considerable sum of 
money will be required to buy this prop- 
erty, and it would certainly seem proper 
to secure some revenue from this land, if 
it can be done without any detriment to 
the city water supply If this land were 
farmed, in order to secure the best re- 
sults, it would have to be plowed and 
manured, and in times of heavy rains a 
great deal of silt and manurial elements 
would be washed into the reservoir. This 
objection precluded the possibility of 


utilizing the lands owned by the city 
for farming purposes. I expect to se- 
cure the services of expert foresters, 
establish a nursery, and set out all the 
farm lands owned by the city in trees, 
with the view of cutting the timber 
along scientific lines. This rough tim- 
ber may be sold directly to purchasers, 


or it is possible that a municipal sawmill 


may be established, if the yvield from 
the forest areas will warrant the ex- 
pense attached to building and operating 


a sawmill 
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Tests 


On June 6 and 7, 1911, three horizontal 
tubular boilers, designated as Nos. 301, 
302 and 303, were tested to destruction 
with hydraulic pressure at Ishpeming, 
Mich. The boilers were owned by the 
Oliver Iron Mining Co., and had been in 
operation for about 30 years at No. 1 
Hard Ore Boiler House, Lake Superior 
Mines. The boilers had been condemned 
on account of their age by the Hartford 
Steam Boiler Inspection & Insurance Co., 
as an unsafe risk, although they showed 
no signs of deterioration from their 30 
years’ service—there being no evidence 
of pitting or corrosion. 

Inasmuch as it will probably be neces- 
sary to maintain a boiler plant for the 
next 20 years at the location where these 
boilers have been, it was decided to in- 
stall new boilers and test the old ones 
to destruction to determine 


whether or 
not they were unfit for service, and 
whether any deterioration of any kind 
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By Alex M. Gow* 


This article, giving the 
records of tests of three 30- 
year-old boilers to destruc- 
tion under hydrostatic pres- 
sure, is followed by asecond 


article which presents the 
results of strain-gage 
measurements during sim- 
ilar tests on two 27-year-old 
boilers. 


*Assistant Chief Engineer, Oliver Iron 
Mining Co., Wolvin Bldg., Duluth, Minn. 
neer, and C. M. Murphy, master me- 
chanic. James Clancy, formerly master 
mechanic of the Oliver Iron Mining Co., 


‘ = ‘ 
————___————4 a eee 
———— SS S— —=——— yy S 
% Rivet ter, 
a % 2 = “? 
J o-< : a fox in > 
8 oo ¢ i of Paks 8 
: © « ~o d 0 ; 
+. segsggsssegsssg i 9909909090000 1% 
"% : x O0O0O0 "KR 
O° 

\, S88888888888888 di | . 0000000000060 | 

OOO0000000000 OOOOOO00000 J 

OOOD0O00000000 . \ O@60000000600 / 

O0000000000 Gaited % ji 

000000000 p pling ih \ OOOO000000 / 

000 O00 Stentiole: Franie Nee an 
XY 00 00 
N Boiler Nos. 30! and 303 

Fic. 1. DRAWING SHOWING CONSTRUCTION OF 30-YEAR OLD BOILERS 


TESTED AT 


had taken place which was not in evi- 
dence from an external and internal in- 
spection. 

There were present at the test, repre- 
senting the Hartford Steam Boiler In- 


spection & Insurance Co., J. T. Coleman, 
assistant chief inspector, and Charles J. 
Enger and George M. Ross, field inspec- 
The Oliver Iron Mining Co. was 
represented by W. H. Johnston, general 
superintendent; F. E. Keese, superinten- 
dent; A. M. Gow, assistant chief engi- 


tors. 


ISHPEMING, MICH. 


who had charge of these boilers for 30 
years, was also present. 

The three boilers were identical in con- 
struction with the exception that boiler 
302 contained 112 3-in. tubes, while 
boilers 301 and 303 each contained 83 4- 
in. tubes. The accompanying drawing, 
Fig. 1, shows the construction of the 
boilers. It will be observed that each 
boiler consists of five courses of 3-in. 
sheets, double lap-riveted with 34-in. 
rivets, spaced 2 in. c. to c. 
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Old Boilers 


Pressure was obtained from a hand pump 
capable of producing a pressure of 300 
Ib., and. in addition, the pump of a hy- 
draulic wheel-press was connected to the 
water line for additional pressure, as re- 
quired. 

To determine the expansion of the 
shell, a tape was passed around 
the boiler and the movement of the tape 
was observed to determine the increase 
in circumference of the shell. Attempts 
were also made to determine the diamet- 
rical expansion with a micrometer gage 
set against the side of the boiler, but the 
observations on this gage were not satis- 
factory. The measurements upon the steel 
tape, however, were fairly accurate. 


steel 


BoiLer No. 302 


This boiler was built about 1877 by 
Kendall & Roberts, of Boston. The sheets 
bore the brand “Bay State Homo.” The 
following log of the test, made June 6, 
1911, gives in detail the behavior of the 
boiler under the successive pressures to 
which it was subjected: 


TABLE I 


LOG OF TEST, BOILER NO. 302 
Pressure, 
Time Ib. per sq.in. Observations 
10:12 
:14 60 
“35 93 
Is 100 
7184 125 \-in. elongation in cir- 
cumference 
:20 140 
720} 170 
:21 ISO Seams weeping slightly 
7214 195 
322 200 ~.-in. elongation in cir- 
cumference 
224 210 
243 220 
25 30 7,-in. elongation in cir- 
cumf rence 
254 240 All longitudinal seams 
leaking 
274 250 
28 260 
28} 275 Manhole frame broken 
At 275 lb. pressure, the cast-iron man- 


hole frame broke in two with a loud re- 
port and the sheets were ruptured, as 
shown in Fig. 2. At the time of the rup- 
ture, the steel tape showed that the cir- 
cumference of the boiler had elongated 
approximately *; in. After the rupture 
the tape resumed its initial position, in- 
dicating that at 275 Ib. pressure the shell 
had taken no permanent set. While there 
had been some leaking of longitudinal 
seams, there was no evidence of serious 
distress at any part of the boiler. The 
heads showed no sign of bulging and tube 
ends remained tight. 

Test pieces cut from the shell imme- 
diately over the fire showed an average 
tensile strength of 60,460 Ib., with 22.5% 
elongation, 53.7% reduction in area and 
an elastic limit of 36,690 Ib. The analy- 
sis of this sheet showed: Carbon, 0.13; 
sulphur, 0.026; phosphorus, 0.097; man- 
ganese, 0.27. The test pieces were cut 
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both transversely and longitudinally of 
the sheet, but it was impossible to tell 
from the way the test pieces broke in 
which way the sheet had been rolled. It 
is very evident that there had been no de- 
terioration of the steel in this sheet. Test 
pieces were also taken from a sheet at 
the top of the boiler, where it was not 
subjected to the action of the fire. These 
test pieces gave an average of 70,145 
Ib. tensile strength, with an elongation of 
20.12%, an elastic limit of 39,060 lb., and 
a reduction of area of 47.05%. 

In addition to the test pieces cut from 
the sheets as above mentioned, a section 
was taken out of the longitudinal seam. 
Upon being pulled in the testing machine, 
the joint gave an efficiency of 60% of the 
plate, breaking through the rivet holes. 
This seam showed no evidence whatever 
of deterioration and was as good as the 
day it was laid up. Subjected to cold 





MANHOLE 


PHOTOGRAPH SHOWING 
FRAME OF BOILER 302 AFTER FAILURE 


Fic. 2. 


AT 275-LB. PRESSURE 

bending tests, the test pieces from the 
sheets above the ‘fire bent to 180°, flat, 
without fracture. 


BoiLcer No. 303 


Boiler 303 was built about 1879 by 
Kendall & Roberts, of Boston. The 
sheets bore the inscription “Nashua Iron 
& Steel Co., Nashua, N. H.,” and an en- 


circled Indian head, and were stamped 
“cast steel, 60,000 Ibs.”’ Inasmuch as 
this boiler was identical in construction 


with boiler 302, which had developed its 
weak point in the manhole frame, and as 
it was desired to put a greater pressure 
on the boiler than the manhole could 
stand, it was decided to remove the frame 
and put on a %-in. patch, secured by 
patch bolts, in place of the cast-iron 
frame. 

On the morning of June 7, pressure 
was applied to the boiler in the same 
manner as to boiler 302 the day before. 
The log shown in Table II gives the ob- 
servations in detail: 
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TABLE II 


LOG OF TEST, BOILER NO. 303 
Pressure, 
Time Ib, per sq.in. Observation 
10:00 LS 

701% 1) 

7014 30 

-03- a0 

703} 110 j,-in. elongation in cir- 
cumference 

205 150 

7054 160 seams begin to weep 

2:06 170 

2064 ISO %,-in. elongation in Cir- 
cumference 

2074 220 

708 225 t-in. elongation in cir- 
cumference 

7084 240 One girth seam leaking 

3093 250 f.-in. elongation in cir- 
cumference 

:11 270 

2114 24a .-in. elongation in Cir- 
cumference 

2124 »S() 

213 2S8O ¥,-in. elongation in cir- 
cumference; tubes be- 
ginning to leak 

5 295 

164 297 Could obtain no more 
pressure by hand 
pump; pressure let 
down and hydraulic 
pump cut in. Boiler , 
r.sumed its normal 
diameter; no perma- 

. nent set 

5 17 

6 195 ‘;-iIn. elongation in Cire 
cumference 

273 255 

284 27 

282 299 

:29 300 -in. elongation in cir- 
cu.nference 

730 300 seams leaking badly and 
some leaking at the 
ends.Stopped pump- 
ing to calk one patch 
bolt and tighten one 
plug 

:34 ; Pressure let down 

245 Started pumps again 

246 12; 

7464 145 Stopped pump to roll one 
tube 

293 145 

155 160 ‘-in. increase in circume- 
ference 

55} 180 

7557 210 jy-in. increase in circume 
fercnce 

256 230 

564 250 .-in, increase in circum- 
lerence 

563 270 

-b7 : l-in. increase in circum 

ference 

7574 OSD 

:574 295 Pu eaking. Head 
1.0 8 signs of ¢ istress, 

:58 300 Beading on tubes is 
sprung 

594 295 ys-in. increase in circum 
ference 

11:00 300 13 patch bolts sheared 


At 300 lb. pressure the patch and one 
plug began leaking so badly that the 
pumps could not gain, and it was neces- 
sary to reduce the pressure and calk the 
leaks. At 10:45 the pressure was again 
applied and upon obtaining 300 lb., there 
was noticeable distress on one head, with 
leaking of and springing of the 
beading. tape indicated that 
the boiler increasing in diameter. 
The leaks were of such an amount that 
the pumps were not able to gain 
over 300 Ib. pressure, and at this pres- 
sure 13 of the patch bolts sheared. The 
manhole sheet expanded approximately 

in. with no rupture. It being impos- 
sible to replace the patch, and the head 
having shown evident distress, no further 
attempt was made upon this boiler to 
burst the longitudinal seams. The steel 
tape showed that the boiler had expanded 
about +. in., and it did not resume its 
normal diameter. 


tubes 
The 


was 


steel 


two 
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Test pieces cut from the sheet imme- 
diately over the fire on this boiler showed 
a tensile strength of 60,186 lb.; elastic 
limit, 38,280 lb.; elongation, 21.5%, with 
54.52% reduction of area. Analysis of 
the steel gave: Carbon, 0.17; sulphur, 
0.023: phosphorus, 0.097; manganese, 
0.29. Test pieces cut from the sheet at 
the top of the boiler showed a tensile 
strength of 56,400 lb.; elastic limit of 37,- 
230 Ib., and an elongation of 27.25%, 
with 64.88% reduction of area. Analysis 
of this steel showed: Carbon, 0.25; sul- 
phur, 0.021; phosphorus, 0.092; mangan- 
ese, 0.37. 


BoILer No. 301 


Boiler 301 was identical in construction 
with boiler 303. It was purchased at the 
same time and the sheets bore the same 
brand. It was tested in the same manner, 
and the log of the tests in Table III shows 
the observations: 


baa a 





Fic. 3. A 6-1IN. Disk CuT FROM SHELL OF 
BoILeR 302, ABOVE FIRE JUST For- 
WARD OF BRIDGEWALIL 


TABLE Ill 


LOG OF TEST, BOILER NO. 301, JUNE 7, 1911 


Pressure, 


Time — Ib. per sq.in. Observation 


11:15 Pump started 

7153 55 

\7 SO 

174 100 

1S4 150 J.-in. Increase in circum 
ference 

20 155 

203 1SO0 seams weeping 

2] POS Flues leaking a little 

21 225 

22 235 Leaking at manhole 

7224 250 4.-In. increase in circum 
ference 

234 230 

:24 260 Manhole broke; 4-in. in 


increase In circumfer- 


aie: 

At 260 Ib. pressure the manhole cast- 
ing broke in identically the same manner 
as that upon boiler 302, first tested. The 
stee! tape, however, showed that the 
boiler had taken.a permanent set of '<- 
in. elongation in the circumference, prob- 
ably due to slight movement of the longi- 
tudinal seams, which showed signs of 
distress. 

Test pieces taken from a sheet imme 
diately over the fire showed a tensile 
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strength of 60,780 lb.; elastic limit, 33,- 
100 Ib.; elongation, 26.5°7; reduction of 
area, 61.62%. 
Carbon, 0.13; sulphur, phosphor- 
us, 0.105: manganese, 0.20. Test pieces 
taken from the top of the shell, not sub- 
jected to the fire, showed a 
strength of 61,680 lb.; elastic 
38,820 lb.; elongation, 19.75%, 
duction in area of 50.80%. Analysis as 
follows: Carbon, 0.18; sulphur, 0.022; 
phosphorus, 0.085; manganese, 0.28. 

The tests for tensile strength and the 
chemical analyses were made at the 
works of the Illinois Steel Co., South 
Chicago, through the courtesy of P. E. 
Carhart, inspecting engineer. Twelve 
test pieces were measured with a microm- 
eter and showed a maximum thickness of 
0.380 in.; minimum thickness, 
average, 0.373 in. This varia- 
tion in thickness is no greater than would 
be expected in nominal 3¢-in. boiler plate. 
and shewed that there had been no appre- 
ciable reduction of thickness by reason 
of corrosion on the surface of the plates. 

Fig. 3 is from a photograph of a piece 
6 in. in diameter cut from the shell im- 
mediately over the fire and just forward 
of the bridge-wall on boiler 302. The 
brand is as clear and well defined as the 
day it was put on the sheet, and shows 
the “Indian head” very distinctly. Mi- 
crometer measurements of this piece of 
steel show a thickness of 0.366 in. 

The boilers had been originally built 
to carry 100 Ib. pressure, but inasmuch 
allowing the longitudinal seams an 
efficiency of 60% of the plate, this would 
give a safety factor of but 3.75, the work- 
ing pressure had been fixed at 80 Ib., 
giving a safetv factor of 4.70. It is evi- 
dent that the weak point of each boiler 
was the cast-iron manhole ring. Boiler 
301 broke at this point at a pressure of 
260 Ib. With the pressure of 80 lb., the 
safety factor at this point was, therefore, 
but 3.25. 

Had this cast-iron manhole ring broken 
in service it is not probable that an ex- 
plosion would have resulted. Fig. 2 
shows a ruptured sheet from boiler 302. 
This rupture occurred when the manhole 
ring broke at a pressure of 275 Ib. When 
the manhole ring on boiler 301 broke in 
identically the same manner, at a pres- 
sure of 260 lb.. the sheet was not rup- 
tured. Furthermore, when the patch bolts 
sheared at a pressure of 300 Ib. on boiler 
303, the sheet was not ruptured. It is 
fair, then, to assume that had a man- 
hole ring let go in service at a pressure 
of from 80 to 100 Ib., no rupture of the 
sheet or explosion of the boiler would 
have followed. But upon this point there 
is room for a difference of opinion. 


Analysis as. follows: 


0.022; 


ec, 


tensile 
limit of 
and a re- 


sheet of 
0.364 in.; 


as, 


SUMMARY 


It is evident from all the above tests 
that there had been no deterioration in 


the quality of the material, and it was 
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such as would pass today for good boiler 
plate. The one from the top of 
boiler 302, that had a tensile strength of 
70,000 1!b., showed slight under 
the cold-bending test to flat. The 
fracture in every case good and 
no one of the test pieces showed the 
slightest indication of lamination or lack 
of homogeneity. 


sheet 


cracks 
180°, 
was 


Taking it all in all, the boilers were as 
good as the day they were made. They 
were made from excellent material. The 
workmanship was admirable and subject 
to only one criticism—the rivet holes 
had not been reamed. With this excep- 
tion the workmanship could not be im- 


proved upon. In no way, shape or form 


had the boilers deteriorated by the 30 
years’ service to which they had been 
subjected. The water furnished them 


had been of uniformly good quality. They 
had received excellent care and attention. 
At times they had been fired very hard, 
sometimes with wood, sometimes. with 
coal, and at times, a mixture of wood and 
coal. 

It is interesting to note in this connec- 
tion that the Bay State Iron Works, which 
made the steel for boiler 302, had, ac- 
cording to a list of rolling mills and 
steel works, published in 1882, one 6- 
gross-ton Siemens openhearth steel fur- 
nace, with an annual capacity of 2800 net 
tons of ingots. The Nashua Iron & Steel 
Co., Nashua, N. H., had one 10-gross-ton 
Siemens openhearth steel furnace. These 
furnaces must have been the 
Siemens openhearth furnaces 
built in the United States, and these boil- 
ers among the very early ones built from 
such material. 


among 
earliest 








Strain Measurements of Two 
Old Boilers under Hydro- 


static Pressures* 


By JAMes E. Howarpt 


The object of these tests is to ascer- 
tain the condition of the metal of the 
shell and other parts of two horizontal 
tubular boilers which had been in use 
for a term of service of unusual length; 
and in addition thereto to acquire infor- 
mation on constructive details by means 
of measured strains. 

Measurements of the deformations of 
engineering structures, whether steam 
boilers, bridges or buildings, may be ex- 
pected to develop information of a kind 
not attainable in the tests of the com- 
ponent parts of those structures. A com- 
paratively new field of inquiry is pre- 
sented in the tests of structures over the 
tests of the materials thereof. The effects 
of combined stresses may veadily be 
studied in this manner. 


*Abstract of a paper presented at the 
December, 1911, meeting of the Amer- 
ican Society of Mechanical Engineers. 

+Engineer-Physicist, Bureau of Stand- 
ards, Washington, PD. C 





The boilers contributed for in- 
vestigative purposes by the treasurer of 
the Kendall Manufacturing Co., Provi- 
dence, R. I., the late Nicholas Sheldon, 
Esq. They were of early manufacture 
and from their remarkable history and 
present condition were of special value 
for these They were made by 
the Whittier Machine Company, Boston, 
Mass., using the ““Benzon” brand of steel, 
and were put into service in March, 1881. 
They were in for a 
period of 27 years, during which time, as 
Mr. Sheldon wrote, “no repairs were re- 


were 


tests. 


continuous service 


quired; in fact, not one cent has been 
spent upon them.” 
They were five-course boilers, two 


sheets to a course, having the following 


general dimensions: 


Dian 


Leneth, 


ete 7) iy 


over dry sheet........ Lt ft 
‘ERICKMESS OF NEI. « «ccs 60 ec in 
Thickness Of RheaGS. cs .ccsccccs Le itt 
Number Of UGB. sccckccdevens 140 
EHameter Gf {URGES «<< etncécins oil 
Rap reeee ly dee CMON. 6 oes a canta wwe 15 ft 
Diameter of dome.......... -- oft. 6in 
Longitudinal seams, double-riveted lap 
joints, *,-in. rivets, 2-in. pitch, punched 
holes, rows 2% in. apart, rivets 
staggered 
Girth seam, *,-in. rivets, 2%-in. pitch. 
Heads staved each with 14 braces. 
Cast-iron manhole frames and safety- 
valve nozzle. 
Supported by lugs, three on a side. 
The feedwater came from the Pawtucket 
River 


No more simple type of boiler could be 
chosen than the plain, horizontal, tubular 





Fic. 1. 
335-LB. PRESSURE 
DENCE, R. I., 


MANHOLE PATCH RUPTURED AT 
IN TEST AT PROVI- 


BOILER 4092 


boiler of these tests, yet it will be seen 
from the results that complexity of 
Strains and stresses is found in most 
parts of the shell. In comparatively 
few places are tangential strains dis- 
played corresponding in magnitude to 
those which would be expected in a thin 
cylindrical shell subjected to a given in- 
terior pressure. 


METHOD OF TESTING 


The hydrostatic tests were made at the 
W. H. Hick’s Boiler Works, Providence, 
R. I. Francis B. Allen, vice-president of 
the Hartford Steam Boiler Inspection & 
Insurance Co., assisted and advised with 
the writer in conducting them. The boil- 
ers will be designated by the numbers 
4084 and 4092 under which they were 
carried on the books of the Hartford com- 
pany. Both boilers were of the 
dimensions except at the dry 


same 
sheets 
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When on their settings, boiler 4084 was 
on the right, boiler 4092 on the left side. 

The tests began with strain 
ments upon different parts of the boilers 
as they were subjected to successive in- 


measure- 
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capable of centering with considerable 
precision the contact points of the mi- 
crometer strain gage. The strain gage is 
used as a transfer instrument to compare 


the gaged lengths on the work with a 





c:ements of hydrostatic pressures. The corresponding length on a standard refer- 
results of this portion of the inquiry ence bar. 
are now available and herewith presented. The 10-in. strain-gage used on these 
Much remains to be done in the other tests consists of two principal parts, an 
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Fic. 2. TANGENTIAL EXTENSION AT MID-LENGTH OF CouRsEs C AND D 
CR, right side of boiler; L, left side. See Figs. 5 to 7 for location of measurements. ) 


direction of testing, pertaining to the 
physical properties of the materials. 

Ascertaining the deformations by the 
method of measured strains, locally de- 
termined, consists of establishing gaged 
lengths on different parts of the boiler 
and then measuring them initially and at 
intervals as the hydrostatic pressures are 
successively applied and released. Gaged 


outer tube and an inner stem, which are 
telescopic, working on ball bearings.* 
Each part carries a conical contact point 
for centering the instrument on the refer- 
ence bar and on the work. A screw mi- 
crometer measures the length of the in- 
strument when in position. The conical 


contact points of the strain-gage have an 
angle 


of This difference of 10 


ae 








Fic. 3. TANGENTIAL EXTENSION 


GIRTH SEAM OF END CoUuRSE 


lengths of 10 in. each were used in the 
examination of these boilers. Their ex- 
tremities were defined by small drilled 
and reamed holes. The holes are about 
0.05 in. in diameter by, say, 0.10 in. deep, 
and reamed to a conical shape. The 
angle of the reamer is 65°, and the dis- 
tance across the hole at the surface of the 
shell sheet about 0.08 in. Such holes 
carefully made, in metal surfaces, are 


AT Mip-LENGTH 
E 
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with the strain-gage, in the hands of 
skilled manipulators and under favorable 
conditions, such as were experienced with 
these boilers, it is believed the readings 


are generally reliable to one ten-thou- 
sandth of an inch. This strain corre- 


sponds to a stress of 300 Ib. per sq.in. 
on a 10-in. gaged length, using a modu- 
lus of elasticity of 30,000,000 Ib. 

A more comprehensive series of lengths 
was established on boiler 4092, and the 
general discussion of ‘the results of the 
Strain measurements will be given in con- 
nection with the test of that boiler. Ad- 
ditional tests were carried out, in which 
the effect of changes in the manner of 
supporting the boiler was inquired into. 
It was supported on the four end lugs in 
one test, and again in another test most 
of the weight was carried by the middle 
lugs. In each case there was a modifica- 
tion in the measured strains, although 
not in a marked degree. At the end of 
the test the several courses were seen to 
have been visibly extended in diameter 
between the girth seams. 

The services of P. W. Brunner and J. 
W. Herrity are acknowledged, whose skill 
as manipulators is shown by the internal 
evidence of reliability furnished by the 
measurements themselves. 


TEST OF BOILER 4084 


In the test of No. 4084 greater strains 
were displayed in the vicinity of the dome 
and the manhole frame than at other 
parts of the shell. This resulted, as 
would clearly be expected, in the early 
failure of the boiler at those places. 
Actual rupture of the dome was not ac- 
complished, but leakage along its single- 





AND AT 


between the reamed hole in the boiler 
shell and the points of the gage secures 
contact at a short distance below the sur- 
face of the shell. Ordinarily the refer- 
ence holes are safe against accidental in- 
jury, due to their position. 

As to the degree of precision attained 


*The 


Howard strain-gage was de- 
scribed in Engineering News, Mar. 23, 
1911. p. 352.—Editor. 


Fic. 4. TANGENTIAL EXTENSION ACROSS 
AT Mip-LENGTH 
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LONGITUDINAL SEAMS 
AND AT EDGES OF CourRsE C 

riveted longitudinal seam became so great 
at 266 lb. pressure that it was necessary 
to remove the dome and patch the shel! 
in order to reach higher pressures with 
the pump available. At 270 lb. pressure 
the cast-iron manhole frame fractured 
across the middle of its length. Another 
patch was then put on the shell covering 
the manhole. 


The test was again resumed and at 29° 
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lb. pressure the rupture of three braces 
of the front head occurred. The test was 
then discontinued and the bofler disman- 
tled. 

The strain measurements made in the 
test of No. 4084 were of the same gen- 
eral order as those subsequently made in 
the test of the second boiler and the re- 
sults were, for the most part, quite simi- 
lar. A feature, the 
the first which was absent or obscure in 
that of the second was a progressive dif- 
ference in the extensibility taken across 
the longitudinal the several 
courses in passing from the front to the 
rear end of the boiler. 

The tangential extensions of the seams, 
at the middle of their lengths, were as 
shown in Table I. 


however, in test of 


seams of 


TABLE I. TANGENTIAL EXTENSIONS 
OF THE SEAMS, BOILER 4084 
Pressures Course*® 
B c D Dy 
210 0.0166 0.0121 0.0099  O.0084 
240 0.0241 O.0171 O.O1T3S O.o1lzi 
TO 0.0341 0.0241 0.0212 O.OLST 
Ser Figs. 5 to JT for lettering of 
courses 
While these seams were not directly 
exposed to the heated gases over the 


grate, nevertheless it seems probable that 
a wider range of thermal conditions pre- 
vailed in the vicinity of the seams at the 
front end over those at the rear end of 
the boiler. If such was the case it would 
aid in explaining the greater slip of the 
forward seams. 

Hydrostatic pressures on the exterior 
surfaces of the tubes necessarily extend 
them in length. The amount of the ex- 
tension appears to depend upon their 
position with reference to their proximity 
to the shell. Tubes adjacent to the shell 
extended less than those at the middle of 
the rows, a restraining influence from the 
shell appearing to affect the outer ones. 
The results in Table II were obtained by 


measuring the tubes over their full 
length. 

TABLE II EXTENSION OF TUBES, 
BOILER NO. 4084 

Third Row Seventh Row 

Next Middle Next Middle 

Pressures shell of row shell of row 

210 0.0110 0.0162 O.0077 O.0167 

240 WaTe2s OLOTS4 O.00O86 OmOpso 

270 0.0142 O.o210 O.00g09 woe210 


Practically no leakage occurred about 
the tubes throughout the test of this 
boiler. A slight leakage took place at 
two tubes at 120 lb. pressure, but soon 
ceased and was not renewed during the 
remainder of the test. The girth seams 
remained tight up to 210 Ib. pressure, and 
then showed only small leaks which were 
not materially increased under the higher 
pressures. Leakage at the longitudinal 
seams began at 120 lb. pressure and in- 
creased as higher pressures were applied. 
The leakage became general at these 
seams with 180 lb. pressure on the boiler, 
but at this time the slip of the joints had 
become a pronounced feature of the case, 
which necessarily disturbed the calking. 
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Upon removal of the dome, evidence 
of overstraining was found at its base 
next the flanged portion. The scale had 
been disturbed on the inside on the line 
and in the vicinity of the upper element 
of the boiler. Near the flange the scale 
was disturbed in oblique, shearing direc- 
tions, which changed to longitudinal and 
then tangential directions a little farther 
up the dome. 

Struts were used under the middle lugs 
and supported a part of the weight of the 
boiler during the They probably 
intensified the stresses in the shell in that 


test. 


vicinity. The interior surface of the shell 
and also the heads were found in good 
condition. 

TEST OF BOILER 4092 


Prior to testing boiler No. 4092, it was 
stripped of its dome and manhole frame 
and the shell patched at those places. The 
heads were strengthened by means of six 
1'4-in. extending from head to 
head. The cast-iron safety-valve nozzle 
was allowed to remain in place, but was 
eventually replaced by a soft patch, after 
300 Ib. pressure had been applied and re- 
leased. The distortion of the shell under 
the flange of the nozzle caused leaks 
which it was impracticable to calk. 

The interior pressure was then _ in- 
creased from 300 Ib. to 335 Ib., and at 
this pressure the rupture of the manhole 
patch occurred as shown in Fig. 1. Three 
of the rivets were sheared by the tangen- 
tial stress of the shell; and this was fol- 
lowed apparently by the fracture of other 
rivets by tension on the stems, which 
pulled off the heads and finally tore the 
shell longitudinally along its upper ele- 
ment. The tear started at a rivet hole of 
the manhole opening. 

The shell was repaired by cutting out 
a portion of course C, across the top of 
the boiler and putting in a section the 
full length of the course and about 3 ft. 
wide, measured on the arc. This new 
section was double-riveted to the shell at 
its longitudinal seams. The rivets were 

in. in diameter and had a pitch of 2.87 
in. The were 1.53 in. apart with 
rivets staggered. The rivets were, of 
course, hand driven, and the points were 
hammered down to conical shape, low in 
height and with thin edges. In this re- 
spect they were less substantial than the 
points of the original machine-driven 
rivets of the seams. This weakness was 


braces 


TOWS 


revealed in the test. 

At the time of presenting these notes, 
no higher pressure has been reached than 
the one of 335 Ib. previously mentioned. 

The boiler supported on two 
wooden shoes sawed to fit the curvature 
of the shell. The positions of the gaged 


was 


lengths which were established on the 
right side of the boiler are shown in 
Figs. 5 to 7 and practically stand for 
those on the left. side, while additional 
ones were laid off on the top. Additional 
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gaged lengths were laid off 


and meas- 
ured, the results of which confirmed 
those which will be referred to. There 


were 165 gaged lengths used in the prin- 
cipal observations, on 
some 3300 readings were taken. 
The chemical composition of the 
in.course C, was as follows: 


series of which 


steel 


Carbon ie , &F2 


O.43 
Silicor P 0.046 
Suiphu 0.028 


0.043 


The metal from 
sheet yet examined, 


the 
was found to have a 
laminated structure, as was shown by the 


course C, only 


appearance of some fractured strips from 
this course, which were bent while at a 
blue heat, in order to develop the lami- 
nation of the plate in a pronounced man- 
ner. The metal drifts well, a ,-in. 
diameter punched hole having been drift- 
ed cold to 1'4-in. diameter without rup- 
ture. It is recalled that this particular 
brand of steel, at the time of its manu- 
facture, was not infrequently found to 
possess a decidedly laminated structure. 
The laminations were not large, nor likely 
to cause blisters in the boiler, but they 
were in places quite numerous. 
TANGENTIAL STRAINS—The general re- 
sults of the strain measurements have 
been plotted on a series of ten diagrams, 
three of which are shown in Figs. 2 to 4. 
For the purpose of furnishing a _ con- 
venient basis of comparison, in judging 
the behavior of the boiler at different 
parts and under different pressures, heavy 
lines have been drawn on each diagram 
which indicate strains corresponding to 
those which would be displayed by the 
sheets under direct tensile stresses, using 
a modulus of elasticity of 30,000,000 Ib. 


per sq.in. Plotted curves, which are 
steeper than the modulus of elasticity 
reference line, indicate places on the 


boiler having greater rigidity than normal 
to the plain sheets; while flatter curves 
indicate greater extensibility than per- 
tains to the plain metal. 


Tangential rigidity above the normal 
was displayed in the vicinity of the girth 
seams, while the gaged lengths taken 


across the longitudinal seams at the mid- 
dle of the length of the courses showed 
a much lower degree of rigidity than 
common to the plain Zones of 
greater extension than normal were also 
found in the vicinity of the manhole and 
dome. 


sheet. 


Flattening of the curves representing 
the solid sheets necessarily accompanied 
those pressures which caused a tensile 
stress on the shell in excess of its elastic 
limit. 

Table III shows the computed stresses 
on the shell sheets, considering only tan- 
gential stresses as acting, and the strains 
which should be developed on a gaged 
length of 10 in., using a modulus of elas- 
ticity of 30,000,000 Ib., the interior diame- 
ter of the boiler being 72 in. 
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TABLE IIl. COMPUTED STRESSES ON 
THE SHELL SHEETS, BOILER 
NO. 4092 
Boiler stress on -1n Strain on 
pressure, shell, lb gaged length 
Ib. per sq.in per sq.il of 10 in. 

30 2 S00 0.0010 
60 D,760 O.0019 
Gu S.640 O.0029 
120 11,520 O.0088 
150 14.400 OL.004S 
1S0 17.280 OO058 


210 20,160 


O.0087 


o4o 0.0077 
20,920 OOON6 


* O.0096 
Referring now to the plotted results, 
Fig. 2 shows the tangential extensions of 
sheets C and D on the right and left sides 
of the boiler, respectively, taken at the 
middle of the lengths of the courses. 
Gaged length D-18, on the right side of 
the boiler, was located above the longi- 
tudinal while C-16, on the right 
side, was located below the longitudinal 
seam. 


The 


these 


SOU PS S00 


seam, 


tangential extensions of each of 
gaged lengths closely follow the 
modulus of elasticity comparison curve. 
The departure of D-18 this line 
does not exceed 0.0002 in. at any pres- 
sure, and coincides with it at several 
pressures. The extensions displayed by 
the gaged lengths on the opposite side of 
the boiler agreed fairly well with the 
modulus of elasticity reference line also, 
but not so closely as the results found 
on the right side, while rapid extension 
took place earlier, by one increment of 
pressure, than on the right side. So close 
a correspondence between the measured 
and the computed strains as shown on 
this diagram did not, however, character- 
ize many places on the shell. 


from 


Commonly 


there were modifying influences which 
disturbed the normal display of elastic 
extensions of the metal. 

The tangential strains near the girth 


seams, D-5 and D-9, were less than at 
the middle of the course. In general this 
behavior was shown in the other courses, 
but an exception was found on the left 
side of the boiler in course B where sub- 
Stantially the same rigidity was displayed 
at the middle as at the edges of the 
course. However, on the left side of 
course D, the extension of D-16 taken at 
the middle of the course was greater than 
at D-8 and D-12, representing the edges. 

There is a marked difference in the 
tangential extension of the two edges of 
the end courses of the boiler, due to the 
influence of the heads in supporting the 
shells. Fig. 3 shows the greater rigidity 
found at the gaged lengths E-12, which 
are taken nearly over the rear head, than 
at the other places measured on this 
course. 

In regard to the top of the boiler there 
were many disturbing factors present, as 
indicated by Figs. 8 to 10. The first 
course is a short one with the front head 
to stiffen one edge. Then came the dome 
in the original construction on course B, 
which was patched and the patch double- 
riveted, using the rivet holes that were 
made for securing the flange of the dome 
te the shell. Course C had the manhole 
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patch, a single-riveted one using the valve nozzle riveted to it, which tid seem 
holes made for securing the manhole to have an influence on the tangential 
frame to the shell. In course D was extension of the steel, permitting greater 
the feedwater connection which probably extension than normal. 

did not have much influence on the be- The extension of course A at the edge 


havior of this course while under pres- 
Course E had the cast-iron safety- 


sure. 


(Norn 


° 


i 


Fics. 


(Stresse 


5, 6 AND 7. 


opposite edge. 








permanent sets occurred are 


TANGENTIAL STRESSES, LB. PER SQ.IN., ON 
BOILER 4092 


shown found by 


extensions.) 


resiliences 
measured 


from 
from 


were computed 
manent 


set 





over the front head was less than at the 
Gaged lengths B-52 and 
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B-57 showed the influence of the over- 
lapping metal of the patch, as well as 
that of the girth seams. The extension 
at these two places was less than nor- 
mal. At the side of the manhole patch, 
C-58, there was found diminished rigidity 
in the shell. The weakness of this single- 
riveted patch was apparent in the meas- 
urements from the earliest pressures 
which were applied to the boiler. Con- 
ditions about the safety-valve nozzle did 
not seem fully to compensate for the 
opening in the shell, as shown by the ex- 
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which represent the tangential extensions 
on gaged lengths established on course C 
taken across the longitudinal seam at the 
middle and at the edges of the course. 
Curves C-7 and C-11, representing the 
extension at the edges of the course on 
the right side of the boiler, coincide in 
and but slight divergence 
where they depart most from the same 
that is, they indicate that uniform 
behavior was displayed at the opposite 
edges of this course. Both deflect rapidly 
under pressures above 150 Ib. per sq.in., 


places show 


line; 


tensions on gaged lengths E-63 and _ corresponding to a tensile stress of 14,400 
£-64, lb. per sq.in. on the solid sheet. 
Referring next to the behavior of the At the middle of the length of the 
shell at the seams, Fig. 3 shows two course, curve C-15 showed an increase in 
groups of curves of three lines each the rate of extension at the above-men- 
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Fic. 10. AT 270-LB. PRESSURE 


(Normal 


stress 


(Stresses 


shown computed 


25,920 lb. per 


from 


sq.in.) 


OF BOILER 4092 


resiliences, as in Figs. 5 to 7.) 


PER SQ.IN., ON Top 
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tioned pressure, and for each succeeding 
pressure a greater 
witnessed at 


than 


Necessarily, 


extension that 


the 
variations in the tangential extensions at 
different parts of the length of a 
would cause variations in the stresses of 


solid metal of 


edges. 


seam 


the sheil in those 


In the case of a 


the 


localities. three-course 


boiler with one sheet to a course, as 


found in current construction, it would 


seem, therefore, that a double-riveted lap 
joint might occasion an 


excessive 


in the solid sheet abreast the end of the 


stress 


seam, under certain pressures. In th 
present test the longitudinal seams, being 
only three rivet pitches apart, furnish a 
line from front to rear of the boiler across 
which the 


which 


extensions than 


solid 


greater 
displayed by the 


are 
those are 
sheets. 

The 


A were 


strains in 
relatively 


the narrow end course 
such as would be ex 


pected under the conditions present in this 


part of the boiler. In course E, at the 
rear end of the boiler, the behavior of the 
shell was found to be similar to that at 
the front end. 


Notwithstanding the fact that the re- 
sults appear consistent and the relations 
between the different parts of the boiler 
harmonious, attention is attracted by the 
variableness of the strains as they are 
found developed, according to the posi- 
tion of the measured The de- 


gree of variability witnessed in this type 


lengths. 


of boiler, which is certainly one of plain 
form, is such as to excite speculative in- 
terest in more complicated types. 
Curves were plotted for the purpose of 
showing the elastic extensions only, or 
equivalent, the the 
shell, taken across the longitudinal seam 
of course D, right side. Greater resilience 
was noted for gaged length D-15, which 
was located across the longitudinal seam 
at the middle of its length, than the 
amount called for by the modulus of 
elasticity curve. This might be taken to 
indicate an intensity of stress above the 
normal in the shell in that vicinity, or it 
may mean that bending and shearing 
at the seam in addition to tensile 
on the modified the 


their resilience of 


stresses 

stresses 

sults. 
Lone 


sheets re- 


ITUDINAL STRAINS — The 
far described were 
those which were observed on tangential 
aged lengths. In addition to this as 
indicated in the diagrams, Figs. 5 to 10, 
there were longitudinal gaged lengths laid 
off on the shell and measured. 

In a plain cylindrical shell the tangen- 
tial extension of the metal would neces- 
sarily be attended with a definite amount 
of longitudinal contraction, eliminating 
the effect of pressures on the head. The 
conditions, however, which are present in 
steam-boiler construction will generally 
prevent realizing the longitudinal strains 
which would be looked for in a plain 
Sheet. In the present test there were 
parts of the boiler nearly free from longi- 


strain 


measurements thus 
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tudinal strains, while in other places the 
strains and longitudinal 
extension shown instead of longitudinal 
contraction. 

In order to determine whether the 
action immediately at the girth seams was 
represented by the 10-in. gaged lengths 
which spanned them symmetrically, other 
lengths were established on the 
shell not indicated on the diagrams here- 
with presented. These were in pairs, one 
being wholly on the solid sheet, the other 
just stepping on to the adjacent course. 
[he observations on these gaged lengths 
led to the same results, however, as found 
on those which symmetrically spanned the 
seam. 

The results of these observations 
showed that along the lower quarter of 
the boiler the longitudinal strains were 
contractions; while along the upper quar- 
ter they were in part contractions, and in 
part extensions. At 270 lb. pressure, the 
lower part of the shell contracted longi- 
tudinally, notwithstanding the fact that 
the tubes were extended by reason of the 
exterior pressures to which they were 
subjected. This behavior calls for bend- 
ing at the flanges of the heads to com- 
pensate for the difference in direction of 
these movements. 

The six through braces would relieve 
the shell of a portion of the longitudinal 
tension coming from the heads in the 
upper half of the boiler, but longitudinal 
gaged lengths on the upper part of the 
shell showed diminished contractions over 
those observed on the lower portion, or 
displayed strains of extension. On the 
very top of the boiler the strains were ex- 
tensions of a pronounced order. 

It was found on diagonal gaged lengths, 
laid off on courses B and D, upper quar- 
ter of the boiler, that greater extensions 
were displayed on the converging diagon- 
als over those of diverging directions. 
The converging diagonals, at 270 Ib. pres- 
sure, extended 0.0047 in. and 0.0042 in., 
respectively, against 0.0036 in. and 0.0028 


were reversed, 


vaged 


in. displayed on the diverging gaged 
lengths. 
The location of the diagonal gaged 


lengths on course D are shown in Fig. 
5 and similar lengths were laid off on 
course B. The range and variability of 
the strains for each pressure, 90, 180 and 


270 lb., respectively, were very pro- 
nounced. 
The results presented in Figs. 2, 3 and 


4 include both the elastic strains and the 
permanent sets of the different measured 
lengths. The permanent sets have been 
subtracted from the and the 
stresses corresponding to these resiliences 
computed, and the results entered on an- 
other series of diagrams, Figs. 5 to 10, 
These results the tan- 
gential stresses in pounds per square inch 
which were found in different parts of the 
solid sheets of the shell, when the boiler 
was subjected to pressures of 90, 180 
and 270 Ib., respectively. 


extensions 


inclusive. show 
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CONCLUSIONS 


In looking over the results the usual 
influence of longitudinal seams, such as 
were used in this boiler, in intensifying 
the tangential the adjacent 
solid sheets, may be pointed out. The 
at the side of the sin- 
manhole patch is clearly 
shown in the results. The high stresses 
at the sides of the safety-valve nozzle 
under the maximum pressure will also be 
noted. 


stresses in 


excessive 
gle-riveted 


stress 


While the results are consistent, never- 
theless as an engineering structure the 
distribution of stresses exhibits 
far beyond that 


a range 
which is expected in 
other classes of constructive work. The 
type of boiler being one of the simplest, 
the extension of this method of test to 
other types would seem desirable. Such 
tests might assist in establishing satis- 
factory rules for steam-boiler construc- 
tion and might reasonably be expected to 
aid in the framing of regulations govern- 
ing allowable pressures. 








Shipbuilding in the United 
States in 1909 and 1904 
Shipbuilding in the United States in 


1909 and 1904 is the subject of a pre- 
liminary statement of the U. S. Census 
Bureau summarized in the accompany- 
ing table, which shows the operation of 
concerns building steel and wood, steam, 
sail and unrigged vessels, yachts, motor 


boats, row boats, canoes, masts, spars, 
ears and rigging. The operations of 
government shipyards are also shown. 


in the main the figures are self-explana- 
tory. The decrease in value of work 
done in 1909 compared with 1904 is due 
(1) to the dismantling of a large ship- 
yard in Connecticut after the comple- 
tion of the ‘“‘Minnesota” and “Dakota”; 
(2) to a decrease in construction in Penn- 
sylvania, and (3) to a reduction of out- 
put in one large establishment in Cali- 
fornia. The work in the establishments 
referred to in the last named states was 
largely for the government in 1904. The 
average government vessel launched in 
1909 was much smaller than in 
1904. No battleship was launched from 
a government shipyard in 109; the 
“Florida,” under construction, not 
launched until 1910. The battleship 
“Connecticut,” of 16,000 tons displace- 


very 


Was 


ment, and two steel training barks of a 
combined gross tonnage of 3600 were 
launched in 1904. This accounts for 


most of the great decrease in tonnage at 
government shipyards. 

The statement of kind, number and 
tonnage is not that of vessels begun or 
advanced toward launching, but only of 
vessels launched, which may happen to 
be less numerous and important during 
the census year than those on the ways. 
Fewer ships were launched and the ton- 
nage was less in 1909 than in 1904. .The 
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aggregate of all vessels of five gross tons 
or over launched at private and govern- 
ment yards, together with those at estab- 
lishments engaged primarily in the manu- 
facture of machinery, cars and lumber 
products showed a decrease of 28‘. for 
1909 over 1904, but of only 13° in gross 
tonnage. 


SHIPBULLDING IN THE UNITED 
STATES IN 1904 AND 1909 

Per cent 

of in- 

crease, 

1904 to 

1yo9 yan 

General Summary; Private Shipyards 


Number establish- 


ments. Sere 1,353 2e 
Capital .$126,118,000 j 
Cost of materials 

used . . : 31,214,000 17 
Salaries : 1,035,000 21 
WOMMOR 2 oc snves : 25 268.000 14 
Miscellaneous eX- 

penses .... hala T.004,000 33 
Value of work done = 73,360,000 11 
Value added by inan- 

ufacture 3 : $2,146,000 7 
Number officials and 

clerKs ; 2,980 20 
Average number 

Wage earners ; 10,506 20 
Primary horsepower SS8,063 13 
General Summary: Government Ship 

yards 

Cost of materials 

used $9,526,000 42 
Salaries 2? 647.000 274 
Waves 4 12,670,000 30 
Miscellaneous #X- 

penses a : 1,029,000 $19 
Value of work done 25,872,000 50 
Value added by man- 

ufacture (work 

done less cost of 

materials) ‘ 16,346,000 55 
Number officials and 

clerks 1,888 233 
Average numbe. 

Wage earners..... 14,540 1 

Vessels Launched: Private Yards 

Five gross tons and 

over? 1,584 2a 
Gross tons. 467,219 7 
NGL CONS 65.6656 050505 381,198 10 
Steel vessels 

Number : Se atgre ed 158 : 

Gross tons 254,986 65 

Net tons 193,144 81 
Wooden vessels 

Number 1,426 27 

Gross tons 212,233 39 

Net tons 188,054 11 
Less than five gross 

ROR 2d eces-as 8,577 145 
Steam, number 8 
Motors, number : 8,569 145 

Vessels Launched: Government Yards 
Five gross tons and 

over baa & eee 31 0) 
Gross tons 2,059 92 
Steel vessels 

INMITHOOT oo ve eres és 3 $2 

Gross tons 350 oo 
Wooden vessels 

Number al 28 100 

Gross tons 1,709 50 

‘A minus sign ¢ ) denotes decrease 

In addition in 1909, eight steel ane 
14 wooden vessels of five tons and over, 
the steel having a total of 5429 and the 
wooden of 7106 gross tons, and 412 boats 
under five tons: and in 1904, three steel 
and 131 wooden vessels of five tons and 
over, the steel having a total of 408 and 
the wooden of 21,919 gross tons, and 3865 
bouts under five tons. were made by 


establishments engaged primarily in the 
manufacture of other products. 








Some Form of Sewage Treatment wis 
in use by 27 of the 50 inland cities and 
towns on the smaller streams of Massa- 
chusetts on Nov. 30, 1910, the date of the 
last published report of the State Board 
of Health On the same date five addi 
tional towns had treatment works unde? 
construction, leaving only 18 of the 50 
cities without sewagre-treatment works 
in use or being built. Although not di 
rectly stated in the report, it appears 
that few or none of the cities and towns 
on the Connecticut and Merrimac rivers 


have built sewage purification works. 
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Standpipe Failure at Sheboygan, Wis. 


A standpipe failure which will be of 
interest to civil and hydraulic engineers 
all over the country, occurred at Sheboy- 
gan, Wis., on the evening of Jan. 15. An 
investigation revealed the following facts, 
which are herein presented in order that 
they may suggest to engineers interested 
in either the maintenance or the design 
of similar structures certain weak points 
which ought to be protected or eliminated. 

The accident occurred at 5:55 p.m., at 


ae 


ENG. News. 


Fic. 1. STANDPIPE AT SHEBOYGAN, WISs., 
BEFORE FAILURE 


a time following two weeks of severe cold 
weather. A tabulation of the maximum 
and minimum temperatures and the tem- 
perature at 3 p.m. on each day from the 
beginning of the cold weather to the time 
of the accident is given in the accompany- 
ing table: 

The underlying cause of the collapse 
was undoubtedly the weakened condition 
of the. plates and rivets in the bottom 
rings, brought on by nearly twenty-five 
years of exposure to the action of the 
water and ice. The direct cause, how- 








By Jerry Donahue* 


A succession of very cold 
days lined the interior of 
the Sheboygan standpipe 
with ice and sealed its water 
contents with an ice cap. 


Internal, pressure burst the 
standpipe at the base, along 
the line of an earlier partial 


fracture. Some of the low- 
er rings were blown out to 
one side and the whole of 
the remaining structure fell 
in the opposite direction. 
The standpipe was 20 ft. in 
diameter, 140 ft. high and 
was erected twenty-five 
years ago. 





*Of Donahue «& 


Sinz, 
Sheboygan, Wis. 


Civil Engineers, 
ever, is of more interest to the engineer 
of the present as it may emphasize the 
importance of meeting such phenomena 
in the design of structures subjected to 
similar stresses. The failure was caused 
by expansion of ice which was permitted 
to accumulate to such an extent as to 
explode the lower sections. The cause of 
the formation of this ice will be discussed 
later, and proper conclusions may then be 
drawn by the reader as to how to cope 
with such conditions. 

The water-works of Sheboygan were 
built in 1887 by the City Water Co., 
which subsequently went into the control 
of the American Water-Works & Guar- 
antee Co., of Pittsburg, Penn. Since 
March, 1909, the works have been owned 
and operated by the city, under the direc- 
tion of a commission which consists of 
the mayor and two citizens appointed by 
him. 

In the proceedings leading to the pur- 
chase of the plant the entire system was 
appraised at 5532,000, the physical value 
being placed at S396,000, and an ad- 
ditional going value of $136,000 being 
allowed. After some years of negotia- 
tions a price approximating 5436,000 was 





RECORD OF TEMPERATURE AT SHE- 
BOYGAN, WIS., JAN. 1 TO 15, 1912 
IN DEGREES FAHRENHEIT 
Date Max Min 3:00 p.m 
Jan. 1 23 1 4 
= 2 7 6 a 
3 XS S ' 
{ 5 7 6 
5 13 17 14 
6. S ee 12 
7 10 oe 14 
S 15 1 
10 D 1! 10 
11 6 1¢ 6 
12 1 20 6 
13 11 1s 9 
14 15 9 14 
15¢ 16 -— § 5 


agreed upon. The _ standpipe 
cluded in this appraisal at S6585. 

The water supply is drawn from Lake 
Michigan through an intake crib located 
5000 ft. from the shore. The pumping 
Station is equipped with three duplex 
double-acting pumps: an 8,000,000-gal. 
Nordberg, a 4,000,000-gal. Holly and a 
3,000,000-gal. Gordon. 

Sheboygan 


was in- 


has an unusually large 
water consumption per capita, due to the 
fact that there are but few metered con- 
sumers. The daily consumption during 
normal conditions before the cold weather 
was 2,500,000 gal.; this was increased to 
3,700,000 gal. when the cold weather 
came on. This increase was caused by 
the consumers leaving their faucets open 
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Fic. 2. PLAN OF WRECKED STANDPIPE AT 
SHEBOYGAN, Wis., IN RELATION TO 
PUMPING STATION AND ENGI- 
NEER’S HOUSE 
during the night to prevent their pipes 
from freezing. At the time of the acci- 
dent the Nordberg was running at the 

rate of 4,000,000 gal. in 24 hours. 

The standpipe was erected in 1887 by 
a Buffalo firm. The original was 
approximately $13,000. Its location on 
a promontory in the northeastern section 
of the city has made it a conspicuous 
land mark for passing ships, its location 
being indicated as a bearing point on the 
charts used by navigators. Its base is 
51.5 ft. above the level of Lake Michigan. 


cost 
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Fic. 3, GENERAL View OF WRECKED STANDPIPE, SHEBOYGAN, WISs. 

Ihe standpipe (Fig. 1) was construct-d 4 shows the last double-riveted joint and S being taken at 12,000 lb. per sq.in. 
ef tank steel,* riveted into 35 circumfer the first of the single-riveted jcints. The and e being taken at 75 
ential rings. The plates were 4 ft. wide rivets in the vertical joints were spaced The standpipe was inspected both in- 
by 8 ft. 9in. long. Their thickness ranged 2', in. c. to c., the distance between the side and out in November, 1910, and 
from ; in. at the. lower sections to in. tworows being 3in. The thickness of the although the steel on the inside was 
at the top. The vertical joints were plates at the bottom is less than would be found to be badly pitted, due to the 
double-riveted, with a 6-in. lap, and the recommended by hyd 


‘draulic engineers at action of the water, no other serious de 
six bottom horizontal joints were double- the present time. The formula, fects were noticed-at that time, and the 


Ma 
riveted, the single riveting beginning at on inside was scraped and painted to check 
the seventh joint from the bottom. Fig. f 6 HD the inroad of the pitting. Fig. 4 shows 

: the pitting on the inside of the fifth ring. 
Penis Manual 0} im W gives a thickness of in. at the base, Some of these pits are from ;5 to ‘%& in. 
is the H being 140 and the D being 20 ft.; deep. 


Fic. 4. LookinGc INTO LOWER END oF 
WRECKED STANDPIPE, SHEBOYGAN, Wis. 
Fic. 7. FOUNDATIONS AND LOWER END OF 
STANDPIPE 









; jg Fic. 5. BLocks oF IcE IN Top END OF 

a ts WRECKED STANDPIPE, SHEBOYGAN, Wis. 

. - “ih os gs ee ae ri 

io awed Fic. 6. LONGITUDINAL BREAKS AND ICE IN 
wl, i STANDPIPE 

Fic. 8. FOUNDATIONS OF STANDPIPE ON 
Richt, AND LoweER Four RINGS 

THROWN OFF AT LEFT 
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Fig. 1 shows the standpipe as it ap- 
peared before the failure. It stood 140 
ft. above the foundation, the diameter 


being 20 ft. The photograph was taken 
looking toward the southwest, and clearly 
shows the 35 rings and the braces at the 
bottom which anchored the tower to the 
foundation. 

The foundation is of stone, circular, 30 
ft. in diameter, and 16 ft. in depth. The 
six anchor bolts are 2 in. in diameter 
and are embedded about 12 ft. The man- 
hole used for entering the tower for in- 
spection is indicated by M, Fig. 1. 

The standpipe is connected to the 
mains leading from the pumping station 
by one 12-in. pipe, which is tied on to 
both a 16-in. and an 18-in. main. Fig. 
2 shows the connections to the system. 
The 12-in. main enters the tower through 
center of its base. Here a piece of 
12-in. pipe, 6 ft. long, is flanged on so 
that the water enters about 6 ft. above 
the base-plate. The details of these con- 


the 


nections are shown in Fig. 2. The valve 
for cutting off the standpipe from the 
distributing system is under the tower, 
and is accessible through a trap lead- 
ing in from the side of the foundation. 


This valve is closed when a pressure of 
greater than 60 lb. is required for fire 
fighting. 

As stated, the underlying cause of the 
collapse was the weakened condition of 
the plates and rivets in the bottom rings. 
Observation of the wreck shows that a 
force sufficient to have ruptured stronger 
plates must have been acting to produce 
the conditions shown by Fig. 3. The di- 
rect cause of the failure was the expan- 
sive force of the ice which had formed in 
the tower. This formation was acceler- 
ated by poor circulation between the 
mains and the standpipe. 

The circulation growing poorer each 
year as the demand for water increased, 
made it necessary for the pumps to run 
continuously, thereby holding the pres- 
sure sufficiently high to supply this de- 
mand, the standpipe merely acting as a 
balance on the system. An examination 
of the pressure records corroborates this 
fact. The records before the failure show 
a comparatively smooth curve, and since 
the failure the records show a fluctuation 
due to the varying load. 

The standpipe was cut off on Jan. 9, 
between 7:30 a.m. and 4 p.m., while the 
pumps were supplying a pressure of 110 
lb. for fighting a fire. An examination of 
the temperature records for the day show 
that the temperature was considerably 
below the freezing point all day. These 
conditions, together with the fact that the 
temperature of the water entering the 
tower was only a few degrees above the 
freezing point (35° F. at the time of the 
failure) are responsible for the forma- 
tion of an ice cap at the top, and a thick 
layer of ice at the bottom, the interven- 
ing space being partially filled with a 
circumferential lining measuring 24 in. in 
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thickness. 
lining. 


Fig. 4 shows a block from this 
This ice was molded in concen- 


tric rings or laminations, showing the 
effect of successive cold periods, some 
rings being !» in. in thickness, others 2 


in. Or more. 

Fig. 5 shows the ice thrown out from 
the top of the tower. Here, too, were 
found blocks of ice over 4 ft. thick, the 
appearance of which indicated that the 
laminations were horizontal, and that the 
block was a part of the cap which sealed 
the top of the water column. 

The amount of ice which fell with the 
tower was approximately 950 tons. Figs. 
5 and 6 show the upper two-thirds of the 
wrecked tower almost filled with ice. The 
ice in the lower third was thrown out by 
the rush of water when the collapse came. 

A study of the fractures indicates that 
failure first occurred along a vertical 
seam in the bottom ring. The two angles 
forming the heel which fastened this ring 
to base plate failed by a_ longitudinal 
fracture along the vertex, and the shear- 
ing off some of the rivets in the horizon- 
tal legs. An examination of these angles 
revealed an old fracture which showed 
up for several feet adjacent to the verti- 
cal seam which first gave way. This 
fracture was on the inside of the tower 
and was undoubtedly caused by the ex- 
pansion of ice in former winters. After 
the seam opened up in the lower ring, 
the line of rupture ran up to the top of 
the fourth ring. It followed an irregular 
course, shattering the plates and shear- 
ing off rivets. At the horizontal joint be- 
tween the fourth and fifth rings it fol- 
lowed around the whole circumference. 
The plates in the sections which peeled 
off showed effects of an explosion; the 
report of this explosion shook the engi- 
neer’s house, shown in Fig. 3, similar to 
an earthquake shock. This explosion was 
followed by the crashing of the standpipe, 
about twenty seconds later. 

Fig. 3 shows the bottom rings, which 
were thrown northwesterly and now lie 
100 ft. from the foundation. This part in- 
cludes the manhole, shown in Fig. 1, and 
four of the six braces which tore loose 
from the anchor bolts. Another of the 
braces was thrown 150 ft. northeasterly. 
The sixth still clings to its anchor. 

One anchor bolt sheared off between 
the plate and the angle; the others are 
badly bent and distorted. 

After these lower rings peeled away 
the rest of the standpipe dropped directly 
to the foundation. Figs 4 and 7 show the 
distorted shape of the fifth ring, which 


buckled under the impact before the 
tower toppled over. The standpipe fell in 
a southwesterly direction, directly op- 


posite that in which the lower sections 
were thrown. 

The impact of the fall broke the stand- 
pipe into three sections (see Fig. 6), the 
14th and 20th horizontal joints from the 
top opening up. The recording pressure 
gage (located in the mayor’s office) for 
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Jan. 15 shows a pressure of 50 lb. up to 
:55 p.m., when it dropped to 5 lb. The 
pressure at the pumps dropped from 80 
to 25 lb. 

The standpipe will probably not be re- 


on 





placed. The commission has the matter 
under consideration and it is expected 
that suitable additional pumping ma- 
chinery wiil be installed instead. 

The Pollution of Streams Used _ for 
public water supplies in the State of 
Wisconsin, in such i manner as to be 
a public nuisance, detrimental to ilth, 
may be stopped by the State Board of 
Health under an act passed by the Wis- 
consin legislature in 1911 (Chapter 
412.) The act also enables the State 
Board of Health to prohibit the ust of 
impure wate. for drinking purposes. 
Complaints of sewage or other water 
pollution may be made to. the State 
Board of Health by the governing body 
or the board of health of any municipal- 
ity or township of the state, whereupon 
it becomes the business of the board to 
muk e an investigation If the board 
finds that the complaint was warranted 
and that contamination exists which is 
detrimental to the public health, it 
must so notify the municipality or in- 
dividual causing the pollution, and give 
a hearing thereon within 15 days. If the 
board concludes after such hear ng that 
improvements or changes in sewage dis- 
posal are necessary for the preservation 
of health, it must report its finding to 
the governor and upon his ipproval 
must then notify the municipality or 
corporation or person involved to install 
necessary works for purifying or other- 
Wise disposing of the sewage or wastes 
in such a way as may be necessary to 
preserve the public health. The right of 
appeal from such an opinion or order ts 
provided for by this act. In case of such 


an appeal two reputable need 


¥ 


and experie 
sanitary engineers are to be 
one by the offending and the other 
by the State Board of Health. In case of 
disagreement on the part of these 


gineers 


Se le ected 


party 


en- 


they are permitted to 


choose a 


third engineer. The vote of a majority 
of these engineers shall be considered 
the decision of the referees. The opinion 
of the referees, when reported to the 
board in writing, is to be enforced by 
the board. The fees and expenses of 
the referee engineers are to be paid by 
the munic ipality or by the corporation 


or by the person requesting the appoint- 
ment of the referees. The act also pro- 
Vides that no town, city, village, publie 


institution, individual or water or ice 


company shall use water or ice which 
is so contaminated, unwholesome and 
impure, that the use thereof will en- 
danger the public health. \fter investi- 
gation, the State Board of Health may 
prohibit the use of such contaminated 
or impure water The orders of the 
board in such cases re enforceable by 
the State Cireuit Court It may be 
added that the control of private water 
companies and of municipally-owned 
water-works vested in tl Railroad 
Commission of Wisconsin gives that 
commission jurisdiction over the “ade- 
quacy” of all public water supplies. We 
are informed by Prof. Wm. D. Pence, 
chief engineer of the commission, that 
it is now customary for the commission 
to refer sanitary questions to the State 
Roard of Health for investigation be- 
fore taking action on the “adequacy” of 


water supplies 








































































































‘Trouble at the Saint 
Louis Water Works 
WALL” 


Ice 


By EDWARD E, 


The water supply for the City of St. 
Louis is taken from the Mississippi River 
through an intake tower and tunnel about 
2200 ft. long. The tower is situated on 
the edge of the main channel of the river, 
about 1500 ft. east of the Missouri shore. 
The shaft on the’interior of the tower 
leading. down to the tunnel is 7 ft. in 
diameter and intersects the tunnel about 
SO ft. below the bedrock of the river. The 
tunnel ft. in diameter and re- 
Mains at the same depth until it reaches 
the shore, where it connects with the up- 
take shaft. The shore tunnel of the same 
diameter lies some 30 ft. higher than the 
river tunnel. 


The supply is taken from the river en- 


is also 7 


Fics. 1 AND 2. THE IcE DRIFT AT THE 
WATER 
tirely on the east side of the tower 


through four gates, three of which have 
a sill elevation of 72. The fourth gate is 
4 ft. lower and at the bed- 
rock of the river. The three gates first 
mentioned are covered by gratings to pre- 
vent the entrance of floating logs, débris 
or ice. Two of these gates have open- 
ings 3x4 ft.; the third, 4x6 ft.; the fourth 
gate, at the bottom of the river, has an 
opening 5x5 ft., and is unscreened. It 


its sill is 


was the original intention to use this gate 
only as a last resort, when the water was 
too low to flow through the other gates. 
It was fully appreciated that ice and 
drift would freely enter this gate when- 
ever it was used. Of recent vears, the 
river has several times been at so low a 
stage that this gate had to be frequently 
used. 

On Jan. 1, 
about 82, 
ecame as low as 76.5. 
gate had to be opened on Jan. 1 because 
of the obstruction to the passage of water 


1912, the stage of the river 
but it rapidly fell until it 
This lower 5-ft. 


was 


CS 


St. Louis, Mo 


*Water Commissioner 
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through the upper gates, caused by ice 
lodging against the screens of the other 
gates. Needle and passed 
through these screens with the water to 
such an extent that 


slush ice 


it became a menace 


to the operation of the pumps early in the 
1911. 


evening of Dec. 31, 





















CHAIN Rocks INTAKE, St. Louis 
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Usinc CLAM-SHELL BUCKET 
Water Works 
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The devices for removing ice from the 
wet-well (to which the suction pipes of 
the pumps are connected) consist of two 
inclined elevators carrying buckets hold- 
ing about 3 cu.ft. and travel at a rate of 
about 35 ft. per min. Each of these ma- 
chines is capable of discharging approxi- 
mately 30 cu.yd. of ice per hour. Under 
ordinary conditions their capacity is amply 
able to take care of the that comes 
into the well. 

On Sunday evening, Dec. 31, 1911, at 
5 p.m., the ice began to rapidly accumu- 
late in the wet-well. Both ice elevators 
were put in Operation, but the ice came 
in faster than it could be removed and 
the machine became more and more 
heavily loaded. At 10 p.m. the worm- 
wheel of the north machine broke, and 
at 11 p.m. the chains carrying the buck- 
ets on the south elevator broke, thus put- 
ting both machines out of service. On 
Monday morning, Jan. 1, 1912, the out- 
look was very gloomy, the well full of 
ice, only enough water to supply one 
pump coming through the tunnel. Mon- 
day being a holiday, the employees of the 
department were mostly off duty and it 
was difficult to collect men enough to 
accomplish anything. A derrick and 
hoisting engine belonging to the depart- 
ment were erected at the well, and in- 
quiries started in every direction for ma- 
chines which could be used for lifting the 
ice from the well. From the wreck of the 
south ice elevator, the north elevator was 
repaired and put in service. On Tuesday 
a derrick was obtained from the Ter- 
minal Railroad Association, and a clam- 
shell bucket from the Union Sand & Ma- 
terial Co. Late Tuesday night it was 
found that the derrick would not oper- 
ate the bucket. Another derrick was ob- 


ice 


tained from the Terminal, but on bringing 
it over the Water-Works Ry. about 5 a.m., 


ro TAKE ICE FROM THE Wet WELL, ST. Louis 
PUMPING 


STATION 
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Wednesday, it was found that it would 
not pass under the bridge at the Burling- 
ton R.R. by 15 in. Trackmen from both 
the Terminal and the Burlington were ob- 
tained, and in spite of the frost, 75 men 
lowered the track and the derrick was 
brought to the Chtain of Rocks at 3 p.m., 
Wednesday. Another engine, derrick and 
clam-shell bucket, obtained from the City 
Construction Co., was taken down Tues- 
day night and Wednesday transported to 
the Chain of Rocks, erected and put in 
service Thursday night. On Thursday 
evening the wormwheel of the north ele- 


vator gave way, putting this machine 
again out of service. New wheels had 
been ordered by wire to be sent by ex- 
press from Philadelphia. These wheels 
had to be cast and the gear teeth cut 
special, so that the first was received 
Monday morning, Jan. 8. The derricks 
operating the clam-shell buckets were 


operated day and night until the well was 
finally cleared of ice by Wednesday, Jan. 
11. During the whole ten days the rate 
of pumping varied from 40 million per 
day to 90 million, the average being not 
more than 60 million. 

The daily consumption of water for the 
first eight days of January averaged 100 
million gal., so that by Tuesday morn- 
ing, Jan. 9, the total reserve of 400 mil- 
lion gal. which was on hand Jan. 1 had 
been practically exhausted and the basins 
were almost empty. Under these con- 
ditions it was necessary to stop the ad- 
dition of lime and sulphate of iron, since 
the flow through the basins was too rapid 
for sedimentation to take place. For two 
days water was pumped directly from the 
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Fic. 4. BASE OF CHAIN OF Rocks INTAKE, 
St. Louts WATER WorKs, SHOWING 
INLETS AND Proposep NEW 
INLET 


river into the mains, but the purification 
process was resumed on Thursday, Jan. 
11, at 11 a.m. 

On Tuesday night, Jan. 9, a gorge 
formed below the Municipal Bridge and 
later above the Eads Bridge, producing 
a rise in the stage of water at the intake 


213 


tower, so that by Wednesday noon it was 
possible to operate five pumps, delivering 
water to the basins at the rate of 150 
million gal. per day, a rate of pumping 
which was never before reached 
history of the water-works. 
Although there has been serious trou- 
ble several times during the previous win- 
ters, it has never assumed such danger- 
ous proportions as on this occasion. Tak- 
ing into account the low stage of the river 
and the exceedingly cold weather, pro- 
ducing an quantity of 
needle and slush ice, the situation seems 


in the 


ever-increasing 


to have been about as severe as is pos- 
sible to occur in this climate. 

Previous troubles had shown the Water 
Department the necessity for another and 
a lower gate in this tower, and a contract 
was let last July for cutting an opening 
in the south end of the tower several feet 
below bedrock with a short tunnel and 
shaft opening directly on the bottom of 
the river. A section of this gate is shown 
in Fig. Unfortunately, unexpected 
and exceptional difficulties were encoun- 
tered in sinking the caisson for this work 
and floating ice forced a suspension early 
in December. 


With this gate completed and some 
additional devices for keeping the ice 
away from the tower gates, it will be 


possible, no doubt, to obtain water for 
this city for a number of vears. There is 
no doubt, however, that a city of this size 
should not be dependent on a single in- 
take and tunnel, and surveys will be 
started at once and plans made for the 
construction of an additional intake and 
tunnel. 


Kditor 





‘The Doom of the Indepen- 
dent Producer 


Sir—Once more I had hoped that my 
latest communication on government com- 
petition (ENGINEERING News, Jan. 11, p. 
71) might be my last; but once more 
your reply forces me to tax your patience. 

You admit the possibility of a future 
for “The Civil Engineer’s Pocket-Book,” 
provided the government, in competition, 
ties its hands behind its back by charging 
its customers “the full cost of compila- 
tion, editing, printing, etc.,” but you say 
that “when the government gives pocket- 
books away, Mr. Trautwine will have no 
fair chance.” 

Again I must dissent, repeating that 
fairness does not require the handicap- 
ping of the stronger competitor,” even if 
we happen to be the weaker one. 

Not only governmental bureas, but 
large manufacturing concerns, have pub- 


lished pocket-books, distributing them at 
nominal rates, or even gratuitously; but, 
so far from calling such competition un- 
fair, or clamoring for protection against 
it, we have cheerfully consented to their 
use of our material, recognizing that the 
public is entitled to the best and cheap- 
est service it can get, whatever may hap- 
pen to the individual worker. 

Within the next half-century the pri- 
vate engineer and his privately published 
pocket-book will have gone the way of 


the private pump and well, and with 
similarly happy results all around. The 
public will be better served, while the 


engineers and the pocket-book makers, 
instead of “struggling to make a living by 
independent practice,” as at present, will 
be in snug places at the public crib. 
JOHN C. TRAUTWINE, JR. 
257 S. Fourth St., 
Philadelphia. 
Jan. 12, 1912. 


[We did intend to let our valued corre- 
spondent have the last word this time, 
but his closing words are too much. 
“Snug places at the public crib” tells the 
story why the municipal or state or na- 
tional government or the huge trust is 
handicapped in any fair race with a live 
competitor who may be “struggling,” but 
who has something big to struggle for. 
How a Philadelphian can believe in gov- 
ernmental efficiency passes our compre- 
hension.— Ep. ] 





Sir—The editorial reply to Mr. John C. 
Trautwine, Jr., in ENGINEERING News of 
Jan. 11, impresses me as being clever 
rather than convincing. 

That the Trautwine pocketbook has a 
reputation established which makes it to 
a degree exceptional, does not militate 
against Mr. Trautwine’s general conten- 
tion. The writer of this has a copy of 
“Trautwine” and it has on the flyleaf the 
















































house of John 
pretty big 


the publishing 


Sons, 


of 
Wiley « 
concern. 

However, if Mr. Trautwine undertook 
to put out his book on his own hook, and 


name 


which is a 


he was met by a big trust which would 
sell a similar book at cost of production, 
or less, till such time as he was driven 


the field, the trust then putting up 
the price so as to recoup itself for what 
it had lost in the fight, it would be similar 


from 


to the situation which faces the small 
business man who undertakes to “buck 
the trust.” 

The map company which has a prac- 


tical monopoly of the production of insur- 
ance maps in the United States, did this 
very thing in the city of Cincinnati a few 
ago. The company 
enormous prices for its maps, but, for the 


years same charges 
reason that it is so powerful, no one dares 
to enter the field it. It 
make a campaign in the special locality in 
which the rival operating, 
putting the price down to any figure that 


against would 


concern Was 


would be successful in driving out the 
competing concern. After the concern 
was driven out, there would be an ad- 


vance in prices. 

If any fact has been established in the 
economic history of America, it is the 
superior efficiency of the big combination 
in business; that are outgrowing the 
age of free competition and entering on 
that of industrial combination. 

The trust is the most efficient 
of social production that has yet been 


we 


engine 


evolved. Therefore, according to the law 
of the survival of the fittest, the trust 
exists. It triumphs because it is best 


equipped to cope with all obstacles that 
may impede its progress. 

Maybe Mr. Trautwine that 
beyond the era of trustification another 
colossal social force already looms. 

THOMAS FLYNN. 

New York, Jan. 14, 1912. 

[Yet Mr. Carnegie, in 
before the Stanley Committee, at Wash- 
ington, recently, declared that a private 
firm made up of active and alert partners 
could “run all around any corporation.” 


Ep. ] 


will agree 


his testimony 








Controlling the Lower Colo- 
rado River; Lessons from 
Mississippi Levees 
EN- 
sub- 


The two communications in 
GINEERING News of on the 
ject of the lower Colorado River, by H. T. 
Cory and J. A. Ockerson, respectively, 
contain much matter of interest to engi- 
neers in general, and especially to one 


Sir 


Dec. 7 


who is familiar with the levee problem 
of the lower Mississippi River. 

The writer does not propose to enter 
into the controversy between Mr. Cory 


and Mr. Ockerson. He desires, however, 
to offer some reflections on the problem 
of protecting the Colorado River levees 
current derived from his 


from erosion, 
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own experience in combating such de- 
structive current energy in situations that 
bear some analogy to that under discus- 
sion. 

It seems evident that the destruction of 
portions of the levee built by Mr. Ocker- 
son was directly due to the diversion of 
a current by the thick growth of brush- 
wood on the horrow pit traverses, against 
the raw slope of the levee, composed of 
silty and yielding material but 
placed. 

Mr. Ockerson’s 
this trouble 


recently 


proposed remedy for 
(extending brush ‘“tapoons” 
down the levee slope and connecting them 
with the brushwood on the traverse) ap- 
pears to the writer of questionable value 
under the conditions described. On the 
other hand. his own experience indicates 
that any obstruction placed in the line of 
flow current, with the 
sultant provocation to local concentration 


of a strong re- 


of energy, should be so located as to re- 
move the point of such concentration to 
a safe distance from the structure to be 
defended. 

The writer has for many years past oc- 
cupied the place of chief engineer of the 
Upper Yazoo District in 
sippi, and during that time has done much 
battling with the ot 
rapid currents. 


Levee Missis- 


destructive forces 

Along the river front of this levee dis- 
trict are the 
alinemert makes short cuts across 
necks of peninsulas formed 
bends in the Mississippi River. 
localties the flood slopes 
normal steepness and generate 
which have threatened the 
destruction. These “short cuts” 


levee 
the 
by great 

In these 
ab- 
currents 


six localities where 


assume 

levee with 
are from 
two to six miles long, and on one of then 
the flood slope in 1907 dropped 4.5 ft. 
in the first two miles, about half of which 
drop was concentrated in the vicinity of 
the the levee line at the up- 
per end of the stretch. 


Salient in 


In the great flood of 1897 a breach was 
made in this levee line under conditions 
quite similar to those experienced by Mr. 
Ockerson. At that time there existed a 
“main front line’ of levee extending 94 
miles from the upper end of the district 
and terminating at the south end of the 
river bank, or “in the air,” in military 
phrase. Another line of levee extended 
from the southward overlapping the low- 
er end of the front line, with an open 
basin lying between. The last four miles 
of the front line was a “short cut” with 
a steep slope. Here had been a recent 
enlargement of the levee, consisting of 
very silty and nonresistant material; and 
a heavy growth of timber on the right of 
way had been cut down and left on the 
ground. The flood water gathered up this 
timber into rafts, which found anchorage 
along the line of borrow pits a short dis- 
tance out from the levee slope, by which 
the current was diverted against the raw 


levee enlargement. A strenuous fight 
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was made to hold the levee by the use 
of short brush dikes down the slope and 


earth sack revetment, handicapped by 
stormy weather and by the presence of 
back water behind the levee well up on 
the rear slope. After three days and 
nights of hard fighting with a rapidly 
rising river, the current made a breach 
through the levee, but did no material 


harm in this case, as the escaping water 
merely pursued a shorter route into the 
river a few miles below. 

As a general result of the writer’s ex- 
perience in this field, based upon many 
a hard-fought battle with river floods, he 
has found it expedient as a basic princi- 
ple, wherever violent currents are 
countered, to give the water all possible 
freedom of flow, by removing every kind 
of obstruction from its path, as borrow 
pit traverses, stumps, bumps, and 
and clearing a wider waterway 
through timber growth, the logs being cut 
up into short lengths to float away with- 
out collecting into rafts. 


en- 


trees 


logs: 


Traverses left across river-side borrow 
pits act as“tumbling dams” at certain flood 
and the effects once started 
accentuated by higher stages, resulting in 
the scouring of large and dangerous 
holes, in many cases in the writer’s ex- 
Likewise, large stumps left 
in the pits, trees and anchored drift logs, 
obstructing the freedom of the flow, pro- 
voke violent scouring action of the cur- 
rent. The major feature, however, of this 


stages, 


are 


perience. 


svstem of defense is to remove the line 
of flow to a safe distance from the levee 
line. This is accomplished by the con- 
struction of “spur levees” from one hun- 
dred to two hundred feet long, projecting 
from the main levee toward the river, 
slightly inclined down stream to avoid 
setting up eddy action above the spur. 

During the flood of 1903 one of these 
spurs, on a salient where the current 
was extremely violent, was the scene of a 
strenuous fight andthe cause of much anxie- 
ty for the safety of the levee. The chief 
cause of the trouble was the excessive 
length of the spur, which projected about 
200 ft. from the levee line at a salient with 
60 deg. deflection, and left insufficient 
waterway between the head of the spur 
and a wall of forest opposite. 


’ 


Through this restricted opening a tre- 
mendous volume of water, 14 ft. deep, 
rushed around the head of the spur by 
a short turn and a very steep slope, 
scouring a hole about 150 ft. long, 100 
ft. wide and 20 to 25 ft. deep. Vigorous 
work was required for several days and 
nights, with the use of sack wreaths and 
brush fascines, to prevent the spur from 
washing away, back to the main levee. 

There is, of course, lack of analogy 
between a current flowing around a pro- 
nounced salient with concentrated fall. 
and that running generally parallel to a 
comparatively straight line of levee. the 
conditions being much easier to contro! 
in the latter case. 
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The problem of protecting the heads of 
the spur levees from attacks of the cur- 
rent was, after the experience of 1903, 
solved in a quite effective and _ satis- 
factory manner. This was by the use of 
a wooden bulkhead around the head of 
the spur, built in the following manner: 
2x12-in. plank, 16 ft. long, were driven in 
a close row around the head of the spur, 
and extending well back on the up-stream 
side, and a short wing projecting be- 
yond the down-stream corner to prevent 
the current from whipping back on the 
lower side. The planks were driven 10 
ft. into the ground and projected 6 ft. 
above it. To the projecting ends other 


2x12 plank were spiked on, extending 
from the ground to bulkhead grade, 
above flood height, 12, 14 or 16 ft. The 


joints were battened with 2x6-in. plank; 
waling timbers were placed at the top and 


near midheight of the vertical wall, 
and from the latter jg-in. wire cables 
were run to anchorage in the spur. From 


the end of the upper 
was carried into the 
spur up to bulkhead 
bottom 


wing a cross wall 
side slope of the 
grade. From the 
of the vertical wall a horizontal 
“apron” 10 ft. wide was built of two 
thicknesses of 2x12-in. plank, the outer 
edge resting on the top of a double row 
of 2x12-in. sheet piling, driven 10 to 
12 ft. into the ground. 

These wooden bulkheads, built of creo- 
soted lumber, were found very vulnerable 
to fire attacks, two having been burned 
last spring, from burning Bermuda grass. 
These fave been replaced by concrete 
slab work, the slab being 4 in, thick, laid 
on a slope of 2': to 1, from the crown 
of the spur to the base, and extending 
horizontally from the foot of the slope 
to form the “apron,” the outer edge of 
which rests on the head of the sheet pil- 
ing, and extends down 1.5 ft. below the 
pile heads on the outside. The concrete 
mixture is cement, sand and gravel, in 
the proportions 1: 3:6. Two horizontal 
rows of “weep holes” were placed, 1.5 
and 6.5 ft. above the foot of the slope, 
by inserting short sections of 1-in. pipe, 
1.5 ft. apart, while the concrete was 
still plastic, and withdrawing them in a 
short time to be inserted again further 
along. 

There are 13 of these spur levees along 
this line of levees, all exposed to the at- 
tacks of violent currents in deep water; 
but no trouble has occurred with any 
of them since the above described de- 
fenses have been in use. 

With the lights before him, the writer 
would suggest, tentatively, in the case 
of the Colorado River levees: (1) That 
the borrow pits be on the river side; (2) 
that the pits be made continuous, clean 
and without traverses, and the section be 
made as symmetrical as practicable; (3) 
that the berm be not less than 80 ft. 
wide: and (4) that a series of spur 
levees be built from the main line to the 
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margin of the pit, the heads of the spurs 
defended as stated above, and placed at 
such intervals as the engineer’s judgment 
may indicate. 

In the various publications that have 
appeared on the subject of the Colorado 
levees; allusion has been made to borrow 
pits on the land side, and the compara- 
tive merits or demerits of such 
discussed. 


location 
The writer is disposed to re- 
gard borrow pits on the land side of any 
generally undesirable and in 
many cases a menace to the stability of 
the With the character of soil 
as described along the lower Colorado, 
this observation would seem to apply 
with especial emphasis, unless an im- 
pervious barrier in the form of a “muck 
ditch” can be interposed beneath the 
levee with certainty of its proper per- 
formance. 


levee as 


levee. 


The writer has dealt, in numerous cases, 
with treacherous levee foundations under 
aggravated circumstances and under 
The most 
of combating this 
ponding water over the 
treacherous expanse behind the levee, as 
it can be covered with water with greater 
facility and less cost than with other ma- 
terial. This is done by temporary exped- 
ients during the exigency of a “high- 
water fight,” to be made permanent when 
more time is available. The method em- 
ployed is to build ‘“‘sublevees” behind the 
main levee, high enough to pond the wa- 
ter from 4 to 10 ft. deep over the region 
of weakness, according to the conditions 
to be met. It is usual to build two wings 
back from the main levee, across borrow 
pits if there be any, and a 
connect the wings behind. 


heavy hydrostatic pressure. 
successful method 
danger is by 


“curtain” to 
A spillway is 
placed over the sublevee to prevent over- 
topping, and a drain pipe, with valve, un- 
der the sublevee to drain the inclosed 
basin when no longer necessary to retain 
the water. 

This device serves the double purpose 
ot diminishing the hydrostatic head on 
opposite sides of the levee, and of pro- 
viding a dead-water cushion over the ori- 
fices of “spouts” or fountains which 
bring up material that is displaced be- 
neath the surface, preventing such ma- 
terial from flowing away, and stopping 
the progress of such underground dis- 
placement. 

In large basins having several acres 
area it has been found expedient to has- 
ten the filling of the basins on a rising 
river by the use of 8-in. siphons over the 
levee, the intakes of which are placed 
low enough down the levee slope to come 
into action before great pressure is 
brought to bear by higher stages of the 
river. 

In the writer’s practice this method 
of treatment has proved entirely effective 
in controlling the danger of weak levee 
foundations 





P15 


some 25 
along 


There are *“sub- 


basins” 


permanent 

this levee 
T. G. DABNEY. 

Jan. 15, 1912. 


levee system 


Clarksdale, Miss.., 


Land-Side or Water-Side Bor- 

row Pits in Levee Building: 
Comments Prompted by the 
Colorado River Problem 


Sir—-The letter written by Brig. Gen. 
Wm. L. Marshall, published in ENGIN- 
EERING News of Jan. 11, which discusses 
the relative merits of river-side and land- 
side borrow pits for levee construction, 


has been read with much interest. The 
writer, as United States Assistant En- 
gineer, has worked under several levee 


specifications that were no doubt evolved 
from the specifications first written by 
the Board of Engineer Officers of which 
General Marshall was a member. After 
giving two reasons for the specifying, by 


that Board, of river-side borrow pits, 
General Marshall’s letter contains the 
following paragraph: 

If there be any other reasons than the 
economical ones stated above, fo1 the 
rule that material for levees should be 
taken from the river side, I have nevet 
heard of them, and none at viven by 
either Mh) Corey o1 Nir Ockerson It 
would be of great interest if the were 
stated and clearly explained. 

The writer believes that there is a 
reason Of much greater moment than 
either of those which influenced the 


adoption of the river-side borrow pit in 
the specifications written in 1882. 
Upper Yazoo (Mississippi) and 
White River (Arkansas) Levee districts, 
where no question is involved of the 
eroding action of flowing water along a 
land-side borrow pit, an excavation on 
the land side is nevertheless believed to 
be a source of weakness to the levers, 
because of the breaking of the surface 
crust. For a great extent of each of the 
districts named (and doubtless of all 
other districts along the Mississippi Riv- 
er below Cairo, unless exception can be 
made of those in southern Louisana 
where the “buckshot” formation pre- 
dominates) it is impracticable and un- 
economical to make a muck ditch deep 
enough to penetrate all of the porous 
substrata, and are charged with 
seepage water. Usually the small quan- 
tity of this water which finds its way to 
the ground surface behind the levee, 
where such surface has remained un- 
broken (or better still is covered with 
bermuda sod), does no harm except to 
contiguous crops. The excavating of a 
borrow pit on the land side of the levee 
reduces the resistance to the passage of 
this seepage water, thereby, in many 
cases, greatly accelerating its flow. A 
marked characteristic of the ground in 
many portions, if not all, of the alluvial 
area of the Lower Mississippi Valley is 
that the surface stratum is usually more 
impervious than the material immediately 
underlying it. 


In the 
Lower 


these 
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The writer has many times” seen 
“sloughs” start in the edge of a land-side 
borrow pit and work toward the 
and the worst “sand boil’ that he ever 
treated in a land-side borrow pit 
some 50 or 60 ft. from the base of the 
He has seen many more sand 
of such consequence as to attract 
notice, in land-side borrow pits than on 
unbroken ground. 
In the Yazoo-Mississippi 


levee, 
was 


levee. 


boils 


Delta Levee 
District, of which the writer was assist- 
ant chief engineer, the land-side borrow 
pit has, for years, been recognized 
a weakness in the system, for the rea- 
sons given above. During the later years 
it has been avoided wherever practicable. 
A. L. DABNEY, Chief Engineer, 
Tallahatchie Drainage District. 
Tunica, Miss., Jan. 20, 1912. 


as 





Sir—Wm. L. Marshall, Brig. Gen., 
U. S. A., retired, in ENGINEERING NEws, 
Jan. 11, 1912, page 75, after giving two 
reasons for locating borrow pits on the 
land side of the levee says: 

If there be 
economical 
rule that material for 
taken from the rivet 
heard of them, and 
either Mr. Cory on 


would be of great interest if they were 
stated and clearly explained 


His two reasons are good and appli- 
cable to most kinds of soil, but I think do 
not extend far enough to secure safety in 
regions of quicksands. To show the ac- 
tion of quicksand during the approach, 
as also the receding, of high waters | 
beg to quote H. S. Taber, Captain Corps 
of Engineers, U. S. A., on page 53 of 
Transactions of Arkansas Society of En- 
gineers, 1887. In describing the condi- 
tion of the Arkansas River at Pine Bluffs, 
he says: 

In 


reasons than the 
ubove, for the 
should be 
side, IT have never 
none are given by 
Mr Ockerson. It 


othe 
stated 


any 
ones 


levees 


1883 
such fores 
eave off 
measured at rig 
\t that rate the 
other valuable 


1884 the river acted with 
the town front to 
the bank at one point 
angles to the current 
courthouse and many 
buildings would have 
vone in another vear. This heavy caving 
Was aggravated by the presence of an 
underlying stratum of quicksand extend- 
ing back miles under the country prob- 
ably. When the river is very high the 
water is forced back into the country 
through the quicksands, and when _ it 
falls again this water returning to the 
river brings the quicksand with it and 
near the river bank the superincumbent 
mass of earth having its support taken 
away, caves into the river in large 
tions, revealing to the practiced eve 
exact cause of the caving, inasmuch 
caving due to the friction of the current 
against the bank is slower and more 
regular. Clearly, to be brief. any thing 
that will prevent this quicksand from 
being washed ou will stop the caving 

Sny Levee is miles in length, sit- 
uated along and near the east bank of 
the Mississippi River, through Adams, 
Pike and Calhoun Counties, Illinois. It 
was constructed in 1872 to 1874 and re- 
claims 110,000 acres. We have had 
water against portions of the levee con- 
tinuously for 120 days, and it was 90 
days before the maximum waters came, 
which, together with the rainfall, fully 
saturated all of the low lands. Many 
portions of the levee are underlaid by 
the character of material, quicksand, de- 


scribed by Captain Taber. I have many 


and 
upon 

120 ft. of 

rht 


as 


see- 
the 


as 


t, 
52 
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times seen verifications of the above ac- 
tions of quicksands under the levee into 
the borrow pits and a few times from 
the land side to the river side when the 
water was higher on the land side. 
During one high water a patrolman 
observed very muddy water coming down 
a seepage ditch 3 to 5 ft. deep and 100 
ft. from the Hastening to its 
source he found the quicksand being car- 
ried into the ditch rapidly and the su- 
perincumbent earth falling into the ditch. 


levee. 


Before assistance and material could be 
gotten there and the caving stopped 
(about an hour) it had reached about 


half way to the levee. About two hours 
more would undoubtedly have taken the 
levee away at that point. In this case 
there were no borrow pits—nothing but 
that ditch to intercept the seepage water, 
but it removed the covering of the strata 
of quicksand, thereby giving it an op- 
portunity to move. 

In constructing the north one-fourth 
to one-half of the levee, borrow pits on 
the land side were prohibited. Financial 
conditions then became such that it was 
not a question of following the engin- 
eer’s specifications for a good levee, but 
a question of getting a levee the full 
length of the 52 miles. To get a mini- 
mum height of embankment it was lo- 
cated along the banks of sloughs so that 
it became almost imperative to get ma- 
terial from the land side. This was 
through a region of very fine quicksand. 
About one-third of all the crevasses 
have been in this region, and gen- 
erally this region of about 10 miles 
has cost more for high-water expense 
and maintenance than all the balance of 
the levee. 

To remedy it have covered al- 
most the entire slope of the borrow pit 
next to the levee with a heavy banquette 
having generally 4 or 5 to 1 slope ex- 
tending into the pits, also a 4 to 1 slope 
from the banquette to near the top of 
the levee. 

By removing surface soils of 1 to 4 ft. 
from the strata of any of the sands you 
induce a much larger volume of seepage 
water. 

Borrow pits on the land side increase 
the total head. I have known the outlets 
of seepage water to be dammed for the 
sole purpose of retaining the water to 
decrease the destructive force of the total 
head. 

After 14 years’ experience with this 
and considerable observation in 
other states I favor an almost iron-clad 
specification to permit no borrow pits 
upon the land side of the levee. 

E. J. CHAMBERLAIN, 

Engineer, Sny Levee. 
Dec. 20, 1912. 
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Pittsfield, IIl., 


Sir discussion on 


i, 


In regard to the 
borrow pits in your issue of Jan. 
1912: 


The 


writer was for some time con- 
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nected with levee and drainage work 
along Kings River, in the great interior 
valley of California. The flood flow 
this stream, when the snow melts in the 
Sierras in May and June, runs _ from 
10,000 to 30,000 cu.ft. per sec. On about 
30 miles of the lower course of the river. 
the channel, while well defined, is inade- 
quate for even the 
amounts, while still further down, there 
was originally no defined channel, and 
what natural sloughs and short stretches 
of dredged channel now exist are wholl; 
inadequate for the flood flow. 

In this region the main advantages of 
borrowing on the river side are as fol- 
lows: (1) The cross section of the chan- 
nel is increased. (2) Valuable land is 
not sacrificed. (3) There are fewer 
stagnant, mosquito-breeding pools. (4) 
The levee can be strengthened with teams 
even during high water. This is partic- 
ularly important in the smaller reclama. 
tion districts, where, after the levee is 
first constructed, little or no engineering 
advice or supervision is obtained. Nearly 
all maintenance work is left until the 
early spring, when reports of great depth 
of snow in the mountains usually result 
in a hasty meeting of the farmers of the 
district, followed by spasmodic strength- 
ening of the levees all along the line. At 
this time the land-side pits -are usually 
full of seepage water, making team work 
difficult if not impossible. 

The danger of the water-side pits cut- 
ting out and bringing a dangerous cur- 
rent against the levee itself, besides un- 
dermining it, can be guarded against 
either by specifying a wider berme or b\ 
not making the pit continuous. The lat- 
ter method minimizes advantages (1) and 
(3). The former method may make the 
levee cost a little more at first, but is 
worth it. 

It might also be noted that in case the 
levee does break, the erosion of a land- 
side borrow pit causes much more serious 
consequences than if the pit had been 
on the river side, and sometimes even 
makes the former position of the levee 
untenable. 


of 


lesser of these 


A. T. PARSONS. 
Bakersfield, Calif., Jan. 17, 1912. 








Composite Rails for Chicago 
Street Railways 

Sir—In ENGINEERING News of Sept 
28, 1911, the writer described a new type 
of composite rail, recently introduced into 
this country, under the trade name 
“Romapac.” The first mile of American 
installation has recently been completed 
in Chicago and the results are of con 
siderable interest owing to the process 
involving the cold rolling of rail steel, a 
thing hitherto regarded as commerciall 
impracticable. Therefore it has seemed 
desirable to add to the original articie. 
particularly as light is thrown on ques- 
tions that arose therein. The “Romapac”™ 
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rails, it will be recalled, are hot rolled by 
ordinary processes in two sections, upper 
and lower. The one resembles an ordi- 
nary T-rail with a small head, and the 
other a grooved rail head with depending 
flanges. The upper sections are laid on 
the lower with joints broken and the de- 
pending flanges are crimped or rolled 
tightly into contact with the base. 

This crimping is done cold, and the 
writer believes that the Chicago work is 
the first commercial case of cold rolling 
of steel containing so much carbon. The 
composition was as follows: 


\nalysis 


Specification of test plece 


Carbon 0.50 to 0.60 OL5S 
MIanganese uso to O40 ods 
Phosphorus Not over 0.04 0.023 
Silicon Not over 0.20 0.0135 
In fact, when from 0.40 to 0.45°° of 


carbon was specified for the Leeds rails, 
such a noted authority as Arthur Cooper 
of the North-Eastern Steel Works (Mid- 
dlesbrough, England), stated that the 
ig-in. flanges could not be successfully 
bent if the steel contained over 0.30% 
of carbon. A similar opinion was ex- 
pressed by the experts of the Phoenix 
Steel Works of Sheffield, England. The 
successful cold crimping of flanges over 
one-half inch thick, containing 0.58% of 
carbon, may therefore be regarded as an 
entirely new departure in steel working. 

The machine for crimping on the rail 
heads is equipped with the rolling mech- 
anism shown in the accompanying figure. 
It consists of three hard-steel rollers 
which press the head flanges around the 
lower section. The metal of the flanges 
flows into a wavy form at the first ap- 
plication of the rollers and then flattens 
out, about eight passes being required to 
complete the process. 

The thickness of the flanges, measured 
on test pieces cut out of the finished 
track, was as follows: 


DAS OF  RORMSGs ko oc seca 0.530 to 0.533 in. 
Read Of TANBE. «uci cetes 0.512 to 0.525 in. 
These flanges were bent through an 


angle of about 40°. 

A piece of finished rail, chosen at ran- 
dom, was removed from the finished track 
and sent to Robt. W. Hunt & Co. to be 


tested. The following report was re- 
ceived: 

The 12-in. length of rail was set with 
the direction of rolling vertical between 
the crushing heads of our Riehle test- 
ing machine, which operates vertically. 
The base section was supported on the 


MECHANICAL 


Inches 


Loads Applied, between Center 


Slippage, 


Pounds Punch Mark Inches 
0 6.01 0 
10,000 6.01 0 
20,000 6.01 0 
80,000 G01 0 
40,000 6.01 i) 
50.000 6.01 0 
80,000 6.01 0 
TO.000 6.01 0 
72,330 5.98 0.03 
66.440 5.97 0.04 
59,320 5.94 0.07 
55.000 to 57.000 5.88 0.13 
18.000 to 52,000 5.79 0.22 
49.000 to 50,000 5.60 0.41 
49.000 to 50,000 5.43 0.58 
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bed of the testing machine and the load 
applied upon the head section alone, 
The center of bearing on the head sece- 
tion was made as close as possible to a 
position directly above the cente! of 
bearing on the base section. 

The loads were nereased slowly in 
the conduct of the test The measure 
ment of the slip was meusured between 


center-punch marks upon the web of the 
base section and the flange of the head 
section \ log of the observations 
ccompunies this 
In addition to the mechanical tests, 


measurements of electrical 
were made. These showed that the com- 
pleted rail has than a 
solid rail of the same cross-sectional area. 
In other words, the registivity of the steel 
itself is sufficiently to more than 
counterbalance the resistance of the 
joints, even without electrical bonding. 
The following letter from Mr. E. 
Rhodes, of London, the engineer 


conductivity 


less resistance 


low 
in 
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ROLLER HEAD OF CRIMPINC MACHINE FOR 


Composite RAILS 
charge of the Chicago contract, gives 
the actual figures obtained by test. 

Dear Sir—The following comparative 
tests were made during the progress of 
the construction in Chicago and com- 
municated to me (dated Dec. 16, 1911) 
after this track was completed: 

Joint resistance of base and 

head sections, considering sec- 

tions in parallel, per i000 ft O.00347S8 
\fter track is laid, per 1000 ft 

without any welding....... O.004485 
Resistance Chicago Standard 

129-lb. rail O.0A0TO4IO 

S OF COMPOSITE RAIL 
Accompanied by a loud report. 
Accompanied by a second loud report 
Accompanied by six repeated reports 
Accompanied by 12 repeated reports. _ 
f Accompanied by continuous or intermit- 


(tent 


reports. 
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These 


“Roma pac 


tests show that the unwelded 


*railas laid in Chicago has 57% 


more conductance than the standard 129 
Ib. rail. As only 23° is due to the large 
section of the Romapac rail, it follows 
that any decrease in conductance of the 
Romapac rail due to the unwelded joints 
is more than compensated by increase 
in the conductivity of the rail metal, and 
that such net increase is about 34. 
(Signed) Kk. Rhodes 
Jan. 8, 1912 


Why the resistivity of these particular 
rails should be than that of other 
rails of the composition has not 
yet been determined, but in the writer’s 
opinion, the reason is to be sought in the 
peculiar hot rolling to which these rails 
are submitted. In an ordinary rail, a 
large proportion of the head receives the 
pressure of the rolls obliquely, whereas 
here every part receives the full pressure 
direct. The result is that, in ordinary 
rails, the grain of the steel is coarser at 
the center than at the edges. An etching 


less 


same 


of a “Romapac” rail shows no such dif- 
ferences. Except for a skin, about in. 
thick, the grain is uniform throughout 


the section, and is unusually fine. It is 
not improbable that the high electrical 
conductivity is due to this circumstance. 
W. A. DEL Mar. 
Grand Central Terminal Bldg., 
70 East 45th St., 
New York City. 
Jan. 20, 1912. 


Free Highway Engineering 
Again 

Sir—I have read the various articles 
and letters regarding free highway engi- 
neering by the government with con- 
siderable interest and some amusement. 
It occurs to me that both sides to the 
controversy have overlooked the one 
great and important fact that in the 
Middle West, at least (and I venture the 
Statement is fairly applicable to the 
United States in general), there has been 
and is little or no highway engineering 
done by engineers in private practice. 
Such engineering as has been done has 
usually been by the engineering depart- 


ments of cities, or park boards, who 
have at times called others in  con- 
sultation; or it has been the “free engi- 
neering” (see advertisement of almost 
any bridge concern) of the firm who 
furnished or erected the steel. 


The result has been that on country 
highways large have been spent 
for poorly designed bridges put up on 
insufficient foundations, soon to be re- 
placed with other bridges and they in 
turn by other equally poor bridges and 
the bridge engineer or any other engi- 
neer has received not one dollar of the 


sums 


whole amount. 
Of course ENGINEERING NEws and 
the “consulting engineers” who are 


afraid the government is going to put 
them out of business will agree with me 
that this is poor business, but neither 
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ENGINEERING News nor the consulting 
engineers have done anything to better 
it. It is true that from time to time 
ENGINEERING News has published excel- 
lent articles on highways and the import- 
ance of engineering supervision; but 
these have been read by engineers, not 
by the public or even by county boards. 

The now defunct “League of American 
Wheelmen” did more in its day for good 
highways than ENGINEERING News or the 
engineering societies have to date, for 
the simple reason that it got to the peo- 
ple who had to use and to pay for high- 
ways. 

On the other hand, to my _ personal 
knowledge the government has carried on 
a cempaign of education in the interest of 
good roads for over 20 years. This has con- 
sisted of lectures, pamphlets of instruc- 
tion, and superintendence of construction 
of experimental sections of highways. 
Among those of which I can speak person- 
ally, Illinois and Kansas have a state de- 
partment which is doing and has for some 
time done just what the government 
offers to do. Missouri, a few years ago, 
created the office of county engineer, the 
county engineer and county surveyor 
usually being one and the same man, 
About a year ago the state engineer of 
Nebraska was authorized to furnish 
plans’ and supervision when called on. 
This may not result in the best engineer- 
ing practice, but it will certainly be in 
general enough better than no engineer- 
ing to pay good interest on the invest- 
ment. 

If there is any consulting engineer west 
of the Allegheny Mountains who has done 
in the past enough highway engineering, 
in the proper sense of the term, to pay 
office rent, I should like to have his ad- 
dress. 

From 1901 to 1909, inclusive, the writer 
was in charge of heavy railway  con- 
struction in Missouri, Arkansas and Iowa, 
involving crossings of all kinds and sizes. 
In only one instance was the state or 
county represented by an engineer. He 
was a county engineer appointed under 
the then (1909) recent law of Missouri 
creating that office. 

The Middle West is reputed to have the 
best natural roads in the country; but 
the best natural roads are not good 
enough for present needs. To get better 
ones we need more and better engineers 
in charge of them. The public does not 
realize that constant and rigid inspection 
of construction is as important as good 
design, and that the designs of even the 
best contractors need competent checking. 

To date the Government Bureau of 
Public Roads is the only organization 
which has made it a business to educate 
the public on this point. My judgment is 
that actual demonstration as proposed is 
the best way to do this, and that the free 
bridge engineering of the department 
(paid for by the taxpayers in general) 
will be much cheaper than the free bridge 
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engineering furnished to date by the 
structural companies (paid for now by 
Tom, later by Dick, and then by Harry 
counties, but paid for in the long run 
by the public in general). Not only will 
this be cheaper and better than past meth- 
ods, but it will create a demand for the 
engineer not in government employ, that 
is now to all intents and purposes abso- 
lutely lacking. The field is there, but the 
engineer who attempts to work it now 
will have more than the usual period of 
starvation before him. If ENGINEERING 
News or any of the knocking engineers 
can “beat the government to it” in creat- 
ing a demand for engineering services 
that is willing to pay for those services, I 
for one say “you can’t begin any too 
soon.” 
J. N. BRIDGMAN. 
Station A, 
Lincoln, Neb. 

Jan. 12, 1912. 

[ Apropos of the general discussion con- 
cerning “‘free engineering work,” a corre- 
spondent forwards us a circular letter 
issued by the publisher of a cyclopedia 
of engineering. We quote from the letter 
as follows: 


We guarantee that our “Cyclopedia of 
Civil Engineering” will enable you to 
handle promptly and efficiently the many 
different problems that make up your 
daily work. 

Any problem so peculiar to your spe- 
cial line that the cyclopedia does not 
quite cover it, will be handled for you 
free, by one of our engineering experts, 
through the consulting service included 
with each set of books. 

This reminds one of the “colored 


chromos given away with every pound of 
tea.” The distribution of such chromos, 
however, does not affect the demand for 
paintings by the great masters.—Eb. ] 


Engineer and Contractor 

Sir: Mr. Lindenthal’s recent articles in 
ENGINEERING News on the history to date 
of the Quebec Bridge undertaking are a 
valuable contribution to engineering lit- 
erature and to general information; clear 
in narration, straightforward and admir- 
able in comment. 

It is kind of your correspondent in the 
issue of the 21st ult., Mr. Daniel B. Luten 
—an engineer, if we are to believe his 
own statements elsewhere between your 
covers—to hold a brief for the contractor, 
as distinguished from the engineer. But 
is not Mr. Luten somewhat self-contra- 
dictory ? His idea where, in these piping 
days of more substantial things, such 
items as honor and dignity stand in the 
scale of values is definite. And yet he 
&espeaks for the contractor a share “if 
only in some slight degree” of these 
very subordinate considerations. 

Engineers generally will hardly agree 
with Mr. Luten, in several things. They 
will not readily entertain the idea that 
it is difficult to say whether a given en- 
gineering work which failed was sound 
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or not in design. The question in fact 
presses, what does an engineer look like 
in Mr. Luten’s mental vision ? 

If an engineer is not competent to de- 
sign and specify what will do the re 
quired work the purchaser should not 
employ him. If the engineer cannot do 
his part well enough to save the pur- 
chaser the additional cost entailed by 
requiring the contractor to guarantee the 
engineer’s design he should not be re- 
tained. In this connection it must be 
admitted that it is sometimes difficult 
for the unwitting purchaser to select an 
engineer. But has not the ordinary man 
similar difficulty in selecting a physician 
or a lawyer ? Let the purchaser once arrive 
at appreciation of the value of indepen- 
dent engineering service and his difficulty 
in this respect will largely disappear. 

There are good engineers, plenty of 
them with exceptional ability, among con- 
tractors. It may readily occur that the 
purchaser with definite requirement gets 
as good value as he could in any way, 
in honest competition among contractors. 
Let it be stated at once that engineering 
development in many directions has been 
largely due to such competition and that 
this is particularly to be said of American 
bridge building. There is still the con- 
ception, however, not limited to them- 
Selves, of independent engineers, who 
execute engineering works without other 
pecuniary interest therein than their pro- 
fessional fees; men charged with get 
ting the greatest value, all things con- 
sidered, for the least expenditure. On 
any large engineering works it is self- 
evident that engineering advice inde- 
pendent of profit in the execution is es 
sential to the purchaser. Consideration 
of money or of profit is not necessarily 
sordid; but to subject an engineer, a 
judge between interests, often if not 
generally conflicting, to a money guar- 
antee, as Mr. Luten by implication re- 
quires, is absurd and would defeat its 
own object. The idea is on a par with 
requiring a guarantee from any law- 
court judge that his sentence will be just. 

The Canadian Government has no ab- 
Stract interest in nor obligation to en- 
gineers, nor has any other government, 
nor has society in general. The engi- 
neer’s sole claim, the same as anyone’s, 
to consideration is that he must be of 
service. Society owes him nothing un- 
less he can repay. That he can do so, as 
independent engineer, as arbiter between 
the one who requires work to be done 
and the one who does it for profit, there 
is increasing evidence with the advance 
of civilization. 

One of Mr. Luten’s concluding senti 
ments is that the contractor should hold 
the purchaser’s interests “paramount to 
all others.” This is fine, as sentiment; 
otherwise it is paramount nonsense. 

W. H. BREITHAUPT. 

Berlin, Ont., Jan. 10, 1912. 
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Low ‘Vemperatures and Fail- 
ures of Engineering 
Structures 


The low temperatures which prevailed 
over large areas oi the United States dur- 
ing the first two weeks of 1912 were re- 
sponsible for a few serious failures and 
many minor difficulties with engineering 
works. Probably the total injury caused 
by a large number of relatively unim- 
portant accidents would far exceed the 
loss from the more striking failures. 

Two notable accidents due to low tem- 
peratures are described in this issue. We 
refer to the standpipe failure at Sheboy- 
gan, Wis., and to the serious interrup- 
tion, but not complete failure, of the 
water supply of St. Louis, Mo. The lat- 
ter was due to an influx of floating ice 
from the river through the intake tower 
and tunnel of the water-works. The 
amount of this ice was so great as to 
break down first one and then the other 
of the two ice elevators which are used 
to keep the wet well at the pumping sta- 
tion clear of ice. Heroic measures were 
necessary and the rapid installation of a 
clam-shell dredge bucket to clear the well 
from ice, together with a change in the 
river level, soon restored normal con- 
ditions. 

The 
for a 
pessibly 


accident emphasizes the need 
second water-works intake and 
other precautions at St. Louis. 
The accident was rendered al! the more 
serious by the fact that cogulation and 
sedimentation of the water supply had 
to be suspended, while the water supply 
was cut off or throttled. St. 
thus given an object lesson as to the con- 
ditions which prevailed during the many 


Louis was 


years in which the muddy Mississippi 
river water was pumped directly into the 
mains. Prompt warnings to “boil the 


water” put sensible people on their 
guard during the brief period that coagu- 
lation likely 


was suspended, and very 


contributed materially to reduce the dan- 
gers from possible polluted water. 

The Sheboygan failure illustrates anew 
the possible dangers when an ice 
and cap form within a standpipe. A 
sufficient number of standpipe failures 
from ice have occurred in the past to put 


case 


water- works superintendents on their 
guard in extremely cold weather, one 
would think. We do not mean to assert 
dogmatically that the Shebovgan wreck 


1 


cculd have been averted by watchfulness, 


but the possibility seems worthy of in- 
c 


vestigation—even if it would be a case 
of locking the barn after the horse is 
stolen. 

It will not be amiss to call attention 

















the the causes of 
standpipe accidents and failures compiled 
by Prof. Wm. D. Pence and published as 
long ago as our issue of May 24, 1894. 
The summary accompanied by a 


here to summary of 


Was 


searching analytical discussion of the 
phenomena of failures due to ice in 


standpipes, which is well worth the care- 
ful attention of anyone interested in the 
subject and not already familiar with 
Professor Pence’s review. The study and 
many other data and conclusions were re- 
printed in a small book entitled “Stand- 
Pipe Accidents and Failures,” unfortu- 
nately long since out of print. 





Sewer Explosions in New 
York City 

“Out of sight, out of mind,” runs the 
old proverb. We venture to say that if 
the taxpayers in our cities knew what 
engineers in charge of sewer mainte- 
nance know, there would be a very dif- 
ferent attitude toward municipal ordi- 
nances to prevent the discharge of im- 
proper materials into the sewers. 

Within the past month there have been 
two serious explosions in the sewer sys- 
tem of New York City, and such explo- 
sions have been going on, more or less 
frequently Whenever 
these explosions occurs, the 


for years. one of 
public is 
duly impressed with the risk to life and 
property caused by 
ers flying high in 


manhole 
he air, but hardly a 
thought is given to the effect of such ex- 
plosions on the sewers themselves. 
No designed to 
Stand an internal pressure of any amount. 
It may indeed 
with little apparent injury at the time 
because of the support to its 


heavy cov- 


sewer is ever with- 


sustain such a pressure 


walls given 
by the surrounding earth; 


but no matter 
how honestly a sewer trench may «be 
back-filled, there will lost certainly b 
occasional soft places which can i 
slightly. An explosion in a sewer of 


sufficient 


violence to send a heavy man 





e i 
} la . > hy; rs £ 

noie cover as ni roo rt lia 
cent buildings must exert an_ internal 
pressure of several pounds per squ 
inch The d 1age vill s jom show ) 
the street surface, but such a pressu! 


will find any around the sew 
and more or le 


breakage of 


soft places 
ss displacement cracks 


the sewer wall may b 


Through these cr 


pect d. 1 e 

may percolate to the ground outsid 
the ground water may seep _ into 

sewer. In either case, more or less 
loosening and disturbance of the soil 
around the sewer will result from this 
rercolation with resultant risk of a 


cave-in. 
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All this is going on under the surface 
of the street and unknown, un- 
realized often even by the engineers who 
in Some day, however, it 
may happen that the pavement will set- 
tle or excavations in the vicinity will re- 
veal the unstable condition of the sewer. 
Taxpayers Associations will investigate 
the matter, and condemn the engineer 
who built the structure for its insecurity 
and the contractor who did the work for 
doing a poor job in packing the 
terial around the sewer! 


unseen 


are charge. 


ma- 


It is another repetition of the old story. 
The engineer builds an honest and solid 
piece of work, a road or a water main 
or The public which owns the 
work fails to provide for its proper main- 
tenance, subjects the road to a traffic it 
was never designed to carry, allows the 
water main to be destroyed by hidden 
and permits acids and ex- 
plosives to be discharged into the sewer 
with no thought of the consequent re- 
sults. About the only comfort of the 
engineer is that while he may get the 
blame, the taxpayer will have to foot the 
bill in the end. 


a sewer. 


electrolysis 


The Heating and Ventilating 
of Public Buildings 


It is only within the past generation 
that the public has been educated to the 
point of demanding proper ventilation of 
schools, hospitals and other public build- 
ings. It would be a pity if persons in 
authority should be misled into favoring 
a relapse former conditions. Just 
such a mistake has come to light in New 
York City in an apparent attempt to dis- 
credit the work of heating and ventilat- 
ing engineers and condemn without dis- 
crimination artificial ventilation in public 
buildings. 


to 


The trouble began with the making of 
charges that New York’s public schools 
are unhealthful, due to poor ventilation. 
These charges were followed by others 
to the effect that open windows gave 
better ventilation than fans and air ducts, 
and these in turn by claims that Nature’s 
free air was in some vitiated and 
rendered noxious by being heated and 
passed through ducts. The fact that some 
physicians joined in the complaint gave 
weight to the movement; and in 
the discussion at the recent meeting of 
the American Society of Heating and 
Ventilating Engineers, it was brought out 
that the ventilating systems at some 
hospitals have been put out of use, and 
new hospitals have been built with no 
provision for ventilation other than that 
afforded by opening windows. 

For a clear understanding of the sub- 
ject, it distinguish be- 
tween the two distinct questions involved. 
In the first place, there is the matter of 


way 


more 


is necessary to 
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standard conditions for healthful ventila- 
tion. It emphasized, in the dis- 
cussion before the Heating and Ventilat- 
ing Engineers, that medical authorities 
have not agreed upon any standard con- 
dition of the air the most healthful, 
nor have they set any limiting conditions 
beyond which unhealthful effects are to 
be expected. But the charges which 
started the discussion were only to the 
effect that the heating and ventilation of 
the schools is not up to present stand- 
ards—as determined by the comfort and 
sensibilities of normal persons entering 
the building. This question of the in- 
adequacy of the plants, as installed, to 
do what their designers intended should 
not be confused with the question of the 
sufficiency of those intentions. 


was 


as 


“Your schools are not properly heated 
and the air in the schoolrooms is foul.” 
This is the charge, and it does not lead 
toward a solution of the problem to say, 
“Well, it has not been decided what 
the exact conditions of tempera- 
ture, humidity and perhaps something 
else which are best for conserving 
health.”” Each question merits investiga- 
tion but nothing is gained by confusing 
them. 

If the heating and ventilating plants 
in the New York schools are not giv- 
ing proper results, it is due to one of 
two things—either the plants themselves 
are not properly designed and built or 
they are improperly operated. If 
trouble is with the design or con- 
struction, it is due either to incompetence 
“of the designer or to inadequacy of the 
sum appropriated for installing the plant. 
A competent engineer today can design 
a heating and ventilating plant that will 
give satisfaction, as far at least as con- 
cerns personal comfort, but such a plant 

requires money for its purchase and in- 

Stallation. In the distribution of funds, 

there is apt to be a tendency to slight 

the heating and ventilating plant, the 
unseen “works” of the building, in favor 
of the decorative features. On the other 
hand, if the trouble is with the opera- 
tion of the plants, the remedy is to either 
replace the present operatives by others 


afe 


else 
the 


more competent, or to secure the same 
end by educating the present incum- 
bents. 

It should be no very difficult matter 


to find out, by a careful investigation of 
each building, just which of the causes 
named or what combination of causes 
was at the root of the trouble. In ad- 
vance of such an investigation, the gen- 
eral abandonment of ventilating plants 
and a return to the open-window method, 
as seriously suggested by some, would 
be a fatal mistake. Professor Winslow 
at the meeting last week aptly compared 
it to a suggestion that each man should 
dig his own well and that modern water- 
supply systems should be abandoned, be- 
cause they sometimes fail. 
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Who Should Own the Water 
Power at the Troy Dam? 


We reviewed in our issue of May 18 
last, the interesting controversy between 
Governor Dix, of New York, and the fed- 
eral authorities, concerning the control of 
the water power developed at the dam 
across the Hudson River at Troy, the 
head of navigation. 

This week there is recorded the con- 
clusion of this controversy, and some in- 
cidental light is shed on the subject by the 
presentation of a report on water con- 
servation in New York by a special com- 
mittee of the legislature, which has been 
investigating this subject for a year. 

The present dam at Troy was built by 
the state government many years ago as 
part of the state canal system. For ten 
years the New York state authorities have 
heen urging upon Congress the improve- 
ment of the upper Hudson River by fed- 
eral appropriations, so that it should fur- 
nish an-ample waterway for the vessels 
using the New York Barge Canal when 
that shall be completed. 

In June, 1910, Congress passed the de- 
sired appropriation providing, in accord- 
ance with the request of the state, for the 


construction of a new lock and dam a 
Troy about 1400 ft. above the present 
state dam, which is to be removed. It 


was required in the law, however, that 
“all existing water-power rights or priv- 
ileges affected by the improvement must 
be extinguished by the State of New 
York,” and also that the federal govern- 


ment should have the right to lease 
the surplus water power created by the 
new dam. 


It should be said that both these stipu- 
lations are in accordance with the gen- 
eral policy adopted in the River and 
Harbor Act of 1909, which ordered tha 
in future all engineers’ reports on naviga- 
tion improvement, should provide for the 
development and utilization of water 
power “in order to lessen the cost of such 
improvements and to compensate the 
Government for expenditures made in 
the interest of navigation.” 

As recorded in our issue 
last, the New York State authorities 
took action in accordance with the 
federal law. The leases for the use of 
surplus water at the Troy dam _ were 
canceled in November, 1910, and the 
U. S. engineers prepared to go ahead 
with the Troy dam. 

But the water-power concerns which 
had long benefited from the use of the 
surplus water at the Troy dam were not 
content to let .their valuable privilege 
lapse without a struggle. How valuable 
it was, the report of the New York Water 
Power Committee gives testimony. It 
states that the use of the surplus water 
at the Troy dam was originally leased 
for S550 a year and the lessees actually 
develop 3000 to 6000 continuous horse- 


of May 18 
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power. Naturally the users of this power 
were doubtful of their ability to make an 
equally good bargain with the federal 
engineers for the use of the surplus wa- 
ter at the new dam. 

On Jan. 1, 1911, a new state adminis- 
tration came into power in New York and 
shortly afterward endeavored to annul 
the action of its predecessor on the Troy 
dam matter. Attorney-General Carmody 
rendered an opinion that the lease of the 
surplus waters at the State dam was a 
lease in perpetuity and could not be an- 
nulled. Governor Dix requested the 
{.deral authorities to delay work upon 
the new dam until Congress could pass 
on a proposal to have the State construct 
the Troy dam and lock with its own 
funds. A similar scheme is set forth in 
the annual report of State Engineer Ben- 
sel just issued as follows: 


It is hoped that in the near future the 
work of constructing the Troy Dam may 
be undertaken by the state, and thus 
preserve for the benefit of the people 
the water which will be collected by the 
dam and which will not be needed for 
purposes of navigation I am of the 
opinion that the state should construct 
this portion of the inal system in ac- 
cordance with the vote of the people 
and thus secure the control and opera- 
tion for the benefit of the people of not 
only the lock, which will be the throat 
or entrance to all of the state canal 
system, but also the water which will 
be ivailable for power. 


Nothing was done by the state authori- 
ties toward securing from Congress a re- 
vision of the law, however, nor was any 
action taken by the state legislature for 
the construction of the dam 
funds. 

Under circumstances Secretary 
of War Stimson has ordered work on the 
new Troy dam to proceed without farther 
delay. It is altogether probable that the 
attempt of the New York State authori- 
ties to cancel the annulment of the lease 
of the surplus waters at Troy and the 
contract with the federal government en- 
tered into by the previous state adminis- 
tration is invalid. Further than this, the 
federal have decided that water 
power created as an incident to a navi- 
gation work carried out by the federal 
government, is under the exclusive regu- 
lation, control and the 


with state 


these 


courts 


disposition of 
federal government. 

There is no question involved in this 
as to whether the value of a water power 
as a gift of nature should accrue to the 
benefit of the people of the nation as a 
whole or of the in which it 
There is no such question here; 
because the cost of the dam will be so 
great that the water power developed is 
little likely to vield enough to more than 
p2y interest and maintenance charges on 
the structure. 

Further than this in a published letter 
to Gov 


state is lo- 


cated. 


Dix, Secretary Stimson says: 


i 1. Willing to sav further that, 
While i opinion the United States 
will be the owner of all of the water 
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power which may be created by this im 
provement to navigation erected by the 
United States, nevertheless, in case the 
amount of the water power thus pro- 
duced shall eventually prove to be more 
than suflicient to pay reasonable inter- 
est and sinking-fund charges upon the 
expenditures made by the United States 
in this improvement, I see no objection 
to the United States collecting and turn- 
ing over the proceeds of any surplus 
beyond such amount to the State of New 
York for the benefit of the people of 
the state. 

In view of the fact that for many 
years past the State of New York has 


been practically giving away the surplus 
water at the Troy dam, the taxpayers of 
the state may congratulate themselves 
that the new dam is to be built with fed- 
eral funds instead of state funds; nor 
are they likely to expend much sympathy 
upon the water-power interests at Troy 
which have been enjoying a_ princely 
revenue from the power created by the 
state dam all these years. 

It should be clearly understood that the 
question here discussed is entirely sepa- 
rated and apart from the question as to 
the rights of the public in water power 
developed by private enterprise. As has 
been fully set forth in these columns, the 
competitive cenditions are such that wa- 
ter power development by private capi- 
tal in most localities and under most con- 
ditions is involved in large risk and of- 
ten results in loss to the investors. 

Entirely different conditions are 
sented, however, where water power is 
developed as an incident to the improve- 
ment of navigation. There can be no 
dissent by any reasonable person from 
the statement that when a dam is built 
by the nation or by a state to improve 
navigation, or by 
for water 
jam ought to own 
power created Sv construction. 

But in very cases this valuable 
asset has not been handled for the benc- 
fit of the taxpayers who furnished the 
money for the dam but has been diverted 
to private parties. 

Most illuminating on this point is the 
report of the New York legislative com- 
mittee on Water Power conservation. It 
is not merely the fact recorded in that re 
port that the surplus ‘vaters of the old 
Erie Canal were originally leased to pri- 


pre- 


a city or an irrigation 
the owner of 
also any water 


district 
the 


storage, 


its 
many 


vate users at what seems now a nominal 
figure. It may well be that at the time 
these water powers were leased, some 89 


years ago, the price was a reasonable 
one. Nor is it so strange, either, that 
these original leases should not have 
been disturbed during all these years. 


It is only within the last fifteen years, 
the development of electric trans- 

that water power has acquired 
aiue. What is little short of amaz- 
ing is that in the development of the 
plans for New York’s hundred million 
dollar Barge Canal, with all its enor- 
mous possibilities in the way of water- 
power development—plans which were 


since 
mission 


large 
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made at a time when the value of wa- 
ter power was perfectly well known to 
the public and to all engineers—prac- 
tically nothing was done toward the de- 
velopment of the incidental water power 
in a way that should yield a large reve 
nue to the state. Nor has anything effec- 
tive been done to the present time for the 
development of this 


scale. 


power on a large 

It is perfectly true that the navigation 
improvements hitherto made by the fed- 
eral government have likewise taken lit- 
tle account of the possible revenue from 
water power; but noted 
radical change has been 
this policy. 


as above, a 
made 
look forward 


to the time when the value of water fur 


now in 


We can even 


power will be seen to be superior to its 
value for navigation, and when the work 
of river control will be undertaken with 
a better balanced appreciation of the 
value to the public of water for different 
purposes than now obtains. 

The report of the New York Committe2 
on Conservation of Water Power, which 
is abstracted at length this issue, 
lays down a plan carrying out 
a broad policy of water-power develop- 
ment under state authority 
far greater benefit to the state, in 
opinion, than all the expenditure 
made by the state in connection with iis 
inland water-way system. 


in 
for 


which prom- 
ises 


our 


Finally, it seems to us that this neglect 
the State of New York during more 
than three-quarters of a century to reap 
adequate returns from the water powers 
created by state funds is an object-lesson 
worth the 


oF 


attention of our Socialist 
friends who wish to see all property 
and all industrial activity concentrated 
in the hands of the state or of great 


trust organizations. It is not necessarily 
outright dishonesty that caused New York 
State to allow the valuable water power 
of its canals to be uscd bv orivate parties 
for a mere pittanc Neither is there 
necessarily dishonesty on the part of the 
federal government authorities who have 
allowed similar conditions to obtain tn 
connection with federal navigation works. 
Both cases illustrate the great difficulty 
in securing from anv governmental body 
the same intelligence, economy and effi- 
that the private individual gives 
his own business. And what is true 
and federal governments 
of our large municipal governments, 
is true also in somewhat lesser degree of 


ciency 
to 
of 
and 


the state 


many of the huge corporations of the 
present day. 
Those who see behind the scenes of 


some of these organizations know some- 
thing of the and mismanagement 
that goes on, of the lethargic conserva- 
tism that rules at one time when enter- 
prise and willingness to take risks ought 
to prevail and of the mistaken judgment, 
which at another time causes money to 
be lavished on schemes which never re- 
turn a profit. 


waste 
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Water-Power Projects in New York 


The New York Legislature of 1911 cre- 
ated a special committee to investigate 
the subject of water storage and water- 
power development in the State of New 
York. The report of this committee was 
presented to the legislature on Jan. 29 
and notable contribution to the 
~“hiect of water conservation. 

The committee has had the benefit of 
the work done by previous bodies, which 
have been dealing with this problem in 
the State of New York, to wit: The Water 
Storage Commission of 1902, the River 
Improvement Commission of 1904, the 
Water Supply Commission of 1905, and 


{ me 
iorms a 


its successor, the State Conservation 
Commission of 1911. 
New York has a larger amount of 


water-power in use than any other state, 
the total estimated development in 1911 
being 800,000 hp. This represents a re- 
markable growth since 1890, when only 
233,000 hp. had been developed. Not- 
withstanding this growth, there is in the 
state more water-power undeveloped than 
that already utilized. The committee esti- 


mates that apart from possible water- 
power developments of enormous size on 
the Niagara and St. Lawrence Rivers, 


over a million additional horsepower of 
water-power may still be developed on 
New York rivers. 

To provide such an increased power, 
however, the flow in the rivers must be 
regulated by the construction of storage 
reservoirs on the head waters; and the 
committee takes strong ground in favor 
of such reservoir construction. It de- 
clares that the work must be done by the 
state, since the experience of the past 
16 years has demonstrated that private 
owners of water-powers and water-power 
would gain benefit 
cannot be 
carry out 


sites and others who 
from flood-protection 
brought together and made to 
these works in coOperation. 
New York is in a different position 
from respect to 
water-power development because of her 
great canal system, still owned and oper- 
ated by the 
once existed in 


works 


any other state with 


state, while the canals which 
a number of other states 
have nearly all been abandoned. 

In developing the water-supply of this 
canal surplus water made 
ilable for power development at many 
points. Leases were made to private par- 


ties for the use of this surplus water at 


system, was 


iV 


the time the canal system was built in 
1828 and 1829. The prices then fixed 
have ruled ever since, except that the 
state authorities have in recent years 


1ulled many of the old leases, although 


L 


private concerns have gone on using 


As an illustration, the committee cites 
the case of the surplus canal waters at 


Lockport which were originally leased for 





The New York State spec- 
ial committee appointed to 
investigate the subject of 
water storage and water- 


power development in the 
state has just reported to 


the Legislature. An _ ab- 
stract of that report is here 
siven. 


an annual rental of S200. The owner of 
this lease, the Lockport Hydraulic Co., 
has for many years been developing 3400 
hp. at this point. For another illustration, 
the water-power at the Troy dam was 
originally leased for year, and 
3000 to 6000 continuous horsepower is 
actually developed at this point. 

The average annual rental received by 
the state for all the surplus waters of the 
state canals during the 85 years it has 
been supplying these surplus waters to 
power users is the paltry sum of $2256. 
In recent years, the Canal Board has 
canceled many of old leases, so 
that instead of furnishing the water for 
a nominal amount, the power owners get 
it for nothing. In 1911 the total income 
of the state from all the surplus waters 
of the state canals was $210! The com- 
mittee very pertinently says: 


$550 a 


these 


these le: 
water still 


disposition 


have 
flows 


many of 
the 


be fore, 


But while 


ises 
been canceled, 
t did 


surplus 


Ww he re and 
of the 
the 


the 


no 
made by 


utilized 


Value has been 


state. Its force is being by 


holders of the leases or their 


suc- 


cessors in Interest, but 


nue to 
therefrom. 


no reve 


the state is being derived 


illustration of the 
nethods with which gov- 
ernment is often conducted, that 
through all the political changes and the 
good and bad state administrations of the 
past 85 State 
property to private nominal 
rental been allowed to continue un- 
changed, with a resulting many 
millions to the state’s treasury. 

Again in the making of plans for a 
for the Barge Canal 
under construction, committee 
that thought the 
possibilities of power development as a 
useful by-product.” It that 
the Barge 
had their own reasons for 


It is a remarkable 
unbusinesslike 


too 


ears, this conversion of 


use at a 
has 


loss of 


water supply new 


now the 


says “0 was given to 


is possible 


some of the promoters of 
Canal scheme 


make no plans for 


the 


developing power from its surplus waters 


wishing state to 


as a by-product. 
As to the possibilities in this direction, 


the committee says: 

According to present plans and with- 
out ext outla on behalf of the state, 
it is apparent that more than 100,000 
hp. will be developed from the use of 
the-surplus waters not needed in the 
navigation of the Barge Canal, or from 


those 
their 


Waters after they fulfilled 
relation to navigation; and 
if the construction were carried on with 
a view to the @¢ 


amount 


have 


uses In 


Velopment of 
would be 


hydraulie 


power, this greatly in- 


creased, 


By way of illustration, the committee 
cites conditions at Rochester where it 
estimates that by using the summit level 
of the Barge Canal as a source of sup- 
ply, 25,000 hp. could be developed for 
24 hr. per day and 365 days in the year. 
At S10 per hp. per annum this would 
yield to the state an annual revenue of 
$250,000. 

Turning now to water-power develop- 
ment on the Niagara and St. Lawrence 
Rivers, the committee urges that any fur- 
ther taking of water from the Niagara 
for power development should be made 
to yield a revenue to the state, and that 
the same course should be pursued with 
respect to projected power development 
on the St. Lawrence. Quoting from the 
committee’s report: 


We believe that in the 
conservation these great water powers, 
the title of which in the people of the 
State of New York cannot be questioned, 


should be 


interests of 


carefully guarded and no per- 
the future 
protect the 
state in the 


for 


mits or franchises issued in 
that 
rights of the citizens of the 
form of an adequate compensation 


the value of the franchise conferred. 


do not recognize and 


Turning now to other proposed water- 
power developments of magnitude through 
the provision of storage reservoirs, the 
committee reviews separately the projects 
for great reservoirs on the Sacandaga, 
the the Black, the Raquette 
and other important rivers of the state 
and discusses at much length the legal 
questions arising from the ownership of 
the power sites by riparian owners. 

In order to carry out a number of these 
projected developments, amendments to 
the State Constitution are necessary which 
will permit the flooding of 
Adirondack forest reserve. 
that about 30,000 acres of 
land would be flooded by all the reser 
voirs thus far planned. 


Genesee, 


racts in the 
Estimates 


show forest 


After considering at length the wor! 
undertaken by the Province of Ontario 
in the distribution and sale of electric 


current by the provincial and municipal 
governments, the committee says: 


s that whateve 


the State 


Your 


water 


committee believe 


powell is develope | bv 


is is recommended by this 2 shoutd 


be sold at current 


‘ por c. 


market and not 
in competition ind that the 


should be for le 


taxation of the 


rates 
revenue so 
ssening th 


Wi 


used 


derived 


burdens of people. 


further believe that wherever conserva 

tion of water results in the developmer 

of water power belonging to riparian 
owners, the state should derive ai rey 

enue therefrom for the additional waters 
thus furnished. 
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The difficulty which has thus far pre- 
vented the carrying out of the important 
projects for water storage in New York 
is the difficulty of apportioning cost and 
securing united action among the riparian 
owners affected and the difficulty of 
securing state construction of works 
which would chiefly benefit private con- 
cerns. The committee reviews the vari- 
cus legal obstacles which have hitherto 
blocked action and presents a plan for 
overcoming them, as follows: 


The state has at great expense made 
accurate surveys and determined the 
conditions surrounding two great pro- 


jeets of conservation of water that have 
put forward the last 16 

These are improvement 
the Sa improvement 


during 
the 
candaga 


been 
years. 


known as 


(the upper Hudson) and the improve- 
ment of the Genesee River. Your com- 
mittee deems it of prime importance to 
see if a plan cannot be devised that 
would result in the immediate carrying 
out of these two projects. 

We desire to lay before the legisla- 
ture two plans of procedure which, in 


our judgment, would result in the imme- 


diate construction of reservoirs and the 
conservation of these great resources, 
Which are now being wasted. These 


two plans we have denominated for con- 
venience the “Tax on Water Impounded 


Plan,” and the “Sale of Water Plan.” 


IMPOUNDED 
out 


THE TAX ON WATER 
PLAN—In order to 
it will be organize a quasi 
public which shall be 
operated without profit, but in the public 


carry this idea, 


necessary to 


service company, 


interest, which company we shall here- 
after call the “Improvement Company,” 
and the charter of which shall contain 
the following provisions: 


(1) Power to develop, impound, buy 
and sell water for municipal, sanitary, 
stream regulation and power purposes. 

(2) The right of eminent domain, in- 
cluding the construction of water pipes 
and necessary electrical transmission 
lines. 

(3) All dams to be built according to 


plans of the state authorities and under 
their supervision. 

(4) That company shall be 
ject to the jurisdiction of the Public Ser- 
vice 


such sub- 


Commission: 


(a) As to rates charged for water 
and for electrical energy. 

(b) As to amount and nature of securi- 
ties issued. 

(5) That before any bonds are issued 
and before any actual construction work 
is undertaken there shall be disposited 
with the Conservation Commission con- 
tracts between the Improvement Com- 
pany and beneficiaries for the sale of 
Water, the aggregate income from which 
contracts shall be at least sufficient to 
pay: 

(a) Interest on the cost of the im- 
provement. 

(b) The cost of maintenance. 

(c) A sum sufficient to amortize the 
cost of the improvement within a period 
of 50 vears. 

(d) The charge of the state for the 
impounded water. 

(6) That all contracts for the use of 
water shall release to the Improvement 
Company, or to its assignees or succes- 
sors, the rights of riparian owners to 
so much of the flood waters of the stream 


as are necessarily impounded for the 
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proper regulation of the flow of the 
stream. 

(7) That the duration of the corpora- 
tion shall be 50 years. 

(8) That the corporation shall be re- 
quired to pay into the state treasury 
annually a charge for each 1,000,000 
cu.ft. of water capacity of the reser- 
voirs constructed. 

(9) At the end of the period of 50 
years the entire right, title and interest 


to and in the lands, structures and wa- 
ters shall vest in the state. 
The the 


daga 


capacity of proposed Sacan- 
Reservoir is 3 


water. Ifa 


000,000,000 cu.ft. of 


9 
charge of $5 
water 


constructed 


for each 1,000,- 
the 
required, it 


the 


000 cu.ft. of capacity of reser- 


would 
State 


Vol were 


result in an annual income to 


of $160,000. 


The capacity of the proposed portage 
reservoir at the head waters of the 
Genesee is 19,000,000,000 cu.ft. of water. 
A charge of $5 for each 1,000,000 cu.ft. 
of water capacity of the reservoir con- 


structed 
the 


would 


state of 


result in a 


$95,000. 


net income to 


The “Sale of Water Plan,” proposed by 
the committee differs from the “Tax on 
Water Impounded Plan” in that the state 
itself is to build and own the reservoirs 
and other works, the money for construc- 
tion being furnished as before by the 
quasi-public service “Improvement Com- 
pany,” organized as just described. 

The conclusions reached by the com- 
mittee are finally summarized as follows: 


Your committee believes: 
(1) That so far as the state owns 
water or water rights, the same should 


be conserved and developed to the maxi- 


mum point of commercial efficiency, and 
that so far as such rights are owned by 


individuals, every encouragement should 
be given for their development. 


(2) That no further grants of water- 
power privileges or rights to water, the 
ownership of which is clearly in the 
state, should be granted except for lim- 
ited periods and upon provision being 
made for adequate compensation to the 
state. 

(3) That where grants have been made 


by the state of valuable water rights 
which, by their terms, are revocable, 
such grants should be revoked, in order 
that the state may enjoy the maximum 
benefit from its property, but that where 
the grants of the state have been made 
absolute and without any provision for 
their revocation, such rights should be 
regarded as sacred and inviolable. 

(4) That the various watersheds of 
the state should be improved, and that 
at the head waters reservoirs should 


be constructed, where commercially 
practicable, for the impounding of storm 
Waters, so that the flow of 
regulated. 


(5) That in 


rivers may be 


the enactment of 


anv laws 
relating to the construction of storage 
reservoirs for the conservation of water 


the following principles should be ob- 
served: 

(a) The state, as such, should derive a 
revenue from such undertaking, thereby 


lessening the burden of general tax- 


ation. 
(b) <All 
of water 


state 


reservoirs for 
should be 
supervision 


the impounding 


constructed under 
and control 


and 


and ac- 
cording to plans 
pared by the Conservation 

(c) Whenever 
structed for the 


specifications pre- 


Commission. 
reservoirs 


are con- 


impounding of waters, 
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they should be of a capacity ample to 
regulate properly the flow of streams so 
as to produce as near a uniform flow 
throughout the year as possible, and the 
ownership of such flood waters neces 
sary for such regulation should be in 
the state. 

(d) No improvement of a watershed 
should be undertaken or property a 
quired therefor until there have been de- 


posited with the Conservation Commis- 
sion either the funds necessary for such 
purpose, together with contracts for the 
payment of some profit to the state, by 


parties to be benefited, or contracts for 


the use of the water so impounded suffi- 
cient to yield an annual income to the 
State at least equal to a sum sufficient 
to pay interest, maintenance and amor- 
tization charges, together with som 
profit to the state. 

(e) All contracts for the use of the 
waters so impounded should provide for 
the release by the users of all title to 
so much of the flood waters as is neces- 
sary for the proper regulation of the 
stream flow. 

(f) All contracts for the use of wate 
should be made for a term of not to ex- 
ceed 50 years, and should be subject to 
the paramount necessities of navigation 
and the rights of municipalities to ac- 
quire such waters for the uses of their 


inhabitants. 


The committee which has carried out 
this important work had as its chairman, 
Senator T. Harvey Ferris. Its counsel 
was Arthur J. Baldwin, Esq., of New York 
City, and its engineer was Harvey N. 
Latey. 








Motor Trucks equidped with a hydrau- 
lic 


variable-speed transmision are now 
on the market. A five-ton truck of this 
type is built by the American La France 
Fire Engine Co., of Elmira, N. Y. It is 


driven by a four-cylinder, four-cycle 


gcesoline engine of 48 rated horsepower. 
The hydraulic transmission used is the 
Manly drive, which was described in En- 
gineering News, Feb. 18, 1909. The drive, 
as applied to the five-ton truck, consists 
of a pump driven by the crankshaft of 
the engine and tw» motors applied to 


the differential shaft of the truck. 
hydraulic are driven by oil 
plied to them by the pump on the engine 
crankshaft. 

The 
stant, 


These 


motors sup- 


remains 
the 


varying 


stroke of the pump 
the speed of 

desired by 
length of its stroke by 
control 


con- 
and motor is 
the 


single 


changed as 
means of a 
lever. 


Power is transmitted from the differ- 
ential shaft to the rear wheels by the 
familiar double-chain drive commonly 
used on other motor trucks. The use of the 
hydraulic transmission makes unneces- 
sary any change gears, clutch, differen- 


service 
brake of the 
is provided on 


tial gears or brakes An 
expanding 


the rear 


emerg- 


ency drum type 


wheels The 


truck is designed for a maximum speed 
of 12 miles per hour going ahead, and 
three miles per hour on the reverse An 
speed whatever between these two limits 
can be obtained by means of the hydrau- 
lic transmission. This truck is bein 
placed on the market by the Hydrauli« 
Truck Sales Co., 1777 Broadway, New 
York City 

A similar truck, built by the Reming- 
ton Standard Motor Co., 3 Columbus Cir- 
cle, New York, was exhibited during the 
commercial vehicle show at Madison 


Square Garden. 






































































































































































274 


Annual Convention of the 

Indiana Engineering 
Society 

The 32d 

ety 


annual meeting of this soci- 

held at the Denison Hotel, 
Indianapolis, Ind., on Jan. 25 to 27. The 
president, D. B. Luten, presided, and 
there was a fair attendance. Four ses- 
sions were held for the presentation of 
papers, one evening was devoted to the 
annual dinner and afternoon there 
was an excursion to the new Capitol Ave. 
bridge, the water-works and the power 
house of the Indianapolis, Terre Haute 
& Eastern Electric Ry. The program was 
somewhat overcrowded, and though a 
number of the reports and papers were 
not presented and others were short, 
there was little opportunity for discus- 
sion. The report of the secretary showed 
a membership of 225. The president, in 
his annual address, referred to the desira- 
bility of Indiana having a highway com- 
mission and a highway engineer, and also 
the desirability of the city of Indianapolis 
adopting a building ordinance which will 
prevent such work as resulted in the re- 
cent failure of the Prest-O-Lite com- 
pany’s concrete building. 

Concrete received a good share of 
attention. Prof.. W. K. Hatt (Purdue 
University) described some “Tests of a 
Girderless Reinforced-Concrete Floor” in 
a Chicago building. The concrete was 
cut away in places to expose the steel, 
and measurements were made by means 
of plugs and extensometers. D. V. 
Moore presented a paper on ‘Practical 
Concrete Construction,’ describing the 
methods employed in making and plac- 
ing concrete, particularly for buildings. 
He considered that the mixer should have 
a capacity of at least 18 cu‘ft., and that 
better results are obtained by depositing 
concrete by gravity chutes than by wheel- 
barrows. He referred also to the ques- 
tion of surface finish for exposed sur- 
faces, and a number of views were shown 
representing finish by means of colors, 
and by treating the surface by the sand- 
blast, acid wash, rubbing, etc. 

Following this paper, Mr. Moore pre- 
sented the report of a Committee on 
Reinforced-Concrete Buildings, with some 
suggestions for a new building ordinance 
relative to this material. The city —uild- 
ing inspector has drafted an ordinance, 
based upon the new Chicago ordinance, 
and has asked the society to present any 
opinion regarding it. In this connection, 
Mr. Moore referred to the ordinances 
published in a recent number of ENGI- 
NEERING News. There was no discussion 
and the only action taken was to continue 
the committee and empower jit to present 
suggestions to the building inspector. 
Some views of the wrecked Prest-O-Lite 
building were shown by Mr. Brossman. 
In a paper on “Reinforcing Steel for 
Concrete.” by J. Olney Dean (Chicago), 


Was 


one 
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the manufacture of steel and steel bars 
was described, and particulars were given 
as to bars of high and low carbon steel 
and cold and hot twisted bars. A paper 
on “Oil Mixed Concrete,” by Logan W. 
Page (Washington) showed the results of 
some experiments; the absorption is much 
lower than in ordinary concrete, but there 
is a reduction in the strength of the con- 
crete and in the bond of steel reinforce- 
ment. 

Several papers related to road and 
street paving, and in one of these, on 
“The Maintenance of Our County Roads,” 
by Robert E. Gibbons (Terre Haute), 
laid upon the uneconomical 
but universal practice of building good 
roads and paying no attention to their 
maintenance. The result is that these 
roads have only 30 to 50‘: of their proper 
life, and in many cases are in worse con- 
dition than common earth roads. He sug- 
gested that the counties and the state 
should codperate to undertake mainten- 
ance as well as construction of roads. T. 
H. Chubb (Chicago presented a paper on 
“Concrete Pavements for Streets ‘ and 
Roads,” in which he described various 
methods of construction with plain and 
reinforced concrete. These included a 
method in which a wearing surface of 
bituminous composition and sand is ap- 
plied to the concrete, the composition 
being sprayed from a tank wagon and 
the sand spread in a thin layer from a 
long narrow hopper on a sand cart. A 
raper on “Bituminous Macadam Construc- 
tion,’ by A. N. Johnson (Illinois State 
Highway Engineer), described very fully 
the different methods of building roads 
with this material, which is coming into 
very general use on account of its power 
to resist the disintegrating effects of auto- 
mobile traffic. 

The Furnas pneumatic street-cleaning 
machine was described in a paper by 
Charles A. Tripp, who stated that while 
flushing by water under pressure is effec- 
tive, it involves an excessive use of water, 
is injurious to the paving and results in 
too much dirt being carried into the sew- 
The Furnas machine, which is self- 
propelling, has a fan causing a powerful 
suction in a pipe which has a hood rest- 
ing on the pavement. The current of air 
is discharged into a separator, where the 
velocity is reduced, the dirt falling into a 
hopper and air returning to the interior 
of the suction hood. 

A group of papers on water supply and 
hydraulic engineering occupied one ses- 
sion. Prof. R. L. Sackett (Purdue Uni- 
versity) discussed “Electrical Methods of 
Water Purification” and presented also a 
brief report on “Stream Pollution,” stat- 
ing that while improvements are barely 
noticeable from year to year yet a review 
of a term of vears indicates a decided im- 
provement in conditions. “The. Pollution 
of the Ohio River” was treated in a paper 
by J. A. Craven (Indianapolis); he 
showed a reduction of typhoid cases at 


stress was 


ers. 
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Cincinnati from 64 before the filtration 
plant was put in service, to 12.6 after the 
use of this plant. Two towns in Indiana 
(near the river) which take water from 
wells show no cases of typhoid (1910), 
while a maximum of 133 was reached at 
Vevay, which draws its supply from the 
Ohio. In a paper on “The Failure of 
Dams,” Prof. Sackett referred especially 
to the failure at Austin, Penn., and he ex- 
hibited a number of forms of section of 
notable dams. A case of a dam being 
shifted from position by a flood, but not 
overturned, was cited by Chas. Brossman 
(Indianapolis). Prof. Gardner S. Wil- 
liams (Ann Arbor, Mich.) described some 
low-head water-power plants on Michi- 


gan rivers, and the operation of the 
Indianapolis water-filtration plant was 
described by Harry E. Jordan. In this 


group of papers may be included also a 
lecture by Prof. W. K. Hatt on “The 
Panama Canal.” 

The committee on bridges reported that 
the average expenditure by the counties 
for bridge work during 1911 was 516,000 
per county (or $1,500,000 for the state). 
The appropriations for 1912 average S13,- 
800 per county. The average cost per 
bridge was $1755, but four county bridges 
were commenced which were estimated 
to cost over $30,000 each. Mention was 
made of some of the new reinforced- 
concrete bridges. One of these, at Fort 
Wayne, has 105-ft. arches and is faced 
with brick, with stone for the arch rings, 
coping, etc. The committee finds the 
steam rollers in use to average 22,400 Ib. 
empty (10 hp.), although one firm builds 
a 25-ton machine. About 66% of the 
weight is carried on the rear wheels, and 
it is believed that many details of steel 
bridges are not designed for this concen- 
trated load of 14,000 Ib. 

In a paper on “The Vertical Posts of 
Bridges,” Prof. Albert Smith (Purdue 
University) stated that the design of 
compression members is very loosely de- 
fined in specifications and in practice. 
After an analysis of the conditions and 
the stresses he estimated that the lattic- 
ing of these posts should be in the truss 
plane, in spite of the loss in pin-plate 
metal. Where channels are used with 
their webs in the truss plane a web plate 
should be used to connect them. 

A paper on “Some New Slide Rules 
and their Accuracy” was read by Prof. 
H. A. Thomas (Rose Polytechnic), and 
Prof. L. McCormick (also of Rose Poly- 
technic) exhibited and described a new 
stadia attachment for transits. The re- 
quirements, duties and responsibilities of 
inspectors on engineering construction 
work were dealt with by F. O. Hodson 
(Gary) in a paper on “Inspection and 
Cost Data in Relation to City Improve- 
ments.” The cost data consisted of 
records of work at Gary, Ind. E. G. 
Stradling (Lafayette, Ind.) gave a talk 
on an installation of automatic block sig- 
nals between Indianapolis and Hammond. 
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Annual Meeting of the Ameri- 
can Society of Heating and 
Ventilating Engineers 


The 18th annual meeting of the Ameri- 
can Society of Heating and Ventilating 
Engineers was heid at the Engineering 
Societies Building, in New York City, on 
Jan. 23-25. The number of members and 
guests registered was 250. Four profes- 
sional-and business sessions were held 
one each on Tuesday and Wednesday, in 
the afternoon, and two, in the afternoon 
and morning, on Thursday. The attend- 
ance at these sessions was from 100 to 
150. 

The greater part of the opening ses- 
sion, on Tuesday, taken up with 
committee reports and routine business. 
The reports of the secretary and the 
treasurer showed that the society’s finan- 
cial position, while comfortable at pres- 
ent, was rather unstable. There was a 
good balance on hand in the treasury, but 
the expenditures for the year had ex- 
ceeded the income from dues alone by an 
amount equivalent to 51.85 per member. 
Initiation fees collected from new mem- 
bers had saved the society from insolv- 
ency. This condition, it appeared, had 
prevailed for some years. The present 
dues for all grades of membership are 
“10 per year, and the membership is 
about 400. 

The report of the Board of Governors 
mentioned the establishment of the soci- 
ety’s headquarters in the Engineering 
Societies’ Building, in New York, which 
was accomplished during the past 
vear. 

Committees on compulsory legislation, 
standards, tests and air leakage and ven- 
tilation of the closed room_ reported 
progress. The committee on _ heating 
guarantees submitted a report stating that 
the designer of a heating plant should be 
held responsible for its adequacy pro- 
vided it was installed in strict accordance 
with the plans and specifications. The 
centractor should be held responsible for 
the quality of materials and work done 
in installing the plant. The practice of 
placing all responsibility for the success 
of the plant upon the contractor was con- 
demned, because it gives the contractor a 
plausible excuse for deviating from the 
engineer’s plans. 

The report of the Illinois chapter told 
of its work in connection with the recent 
establishment of a bureau of ventilation 
in the Chicago health department. 

In addition to the address of President 
R. P. Bolton on “The Use and Abuse of 
Fuel,” two papers were presented at this 
session: “Drying Apparatus,” by H. C. 
Russell, and “A Heat Exchange Dia- 
gram,” by N. W. Akimoff, of Philadel- 
phia. Mr. Russell’s paper, which was 


was 


read by the secretary, was of a somewhat 
Mr. Akimoff’s paper 
form the heat- 


elementary nature. 


presented in a useful 
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exchange diagram given some years ago 
by F. I. Weiss in his book on ‘‘Kondensa- 
tion.” The author stated that this dia- 
gram, though originally developed for use 
in the design of cooling towers, can be 
applied to the problems of treating or 
conditioning air so far as concerns cool- 
ing and humidity control. 

The Wednesday afternoon session was 
devoted to the subject of ventilation. Pa- 
pers were presented as follows: “Dust 
in Relation to Heating,” Conrad Meier, 
New York; “Effect of Relative Humidity 
on Comfort and Health,” J. I. Lyle, New 
York; “Chemical Notes on Ventilation,” 
P. N. Evans, Lafayette, Ind.; ‘‘Ventila- 
tion Problems,’ D. D. Kimball, New 
York. 

The report of the committee on heat- 
ing and ventilating school rooms, which 
was appointed to codperate with the ven- 
tilation committee of the American School 
Hygiene Association, was also presented 
at this session, being read by the com- 
mittee chairman, Frank Irving Cooper. 
Attention was called in this report to the 
fact that no standards for healthful 
ventilation and air treatment have been 
established by medical authorities. The 
committee planned to make comparative 
trials of the effects of different humidity 
and temperature conditions by actually 
supplying air at different fixed conditions 
to two parts of the same school building 
and observing the comparative health and 
scholarship of the pupils. Such 
were already under way in Boston. 

An extensive discussion of the general 
subject of ventilation followed in which 
the chief participants were physicians and 
others specially invited to take part in 
this meeting. The doctors, quite natur- 
ally, believed that the establishment of 
standard conditions for healthful ventila- 
tion was their own prerogative and some 
efforts were described along the line of 
establishing such standards. 

Dr. W. Gilman Thompson, of New 
York, expressed the opinion that the per 
cent. of CO. (a standard now discredited, 
it appears, by some authorities) was a 
measure of healthful conditions. He 
knew personally of three hospitals where 
the effect of the heating and ventilating 
plants had been found to be “pernicious,” 
and their use discontinued. He described 
tests made to determine the effect of foul 
air upon blood pressure. It was found 
that the blood pressure became lower in a 
closed but “ventilated” room than in the 
open air. 

Dr. James H. McCurdy, of Springfield, 
Mass., described tests being made on a 
large scale in that city. A room in which 
150 men took exercise was arranged so 
that both temperature and humidity could 
be regulated over a wide range. The 
humidity could be varied from 20% to 
80%. Observations were made of blood 
pressure and heart rate. It was found 
that work was uncomfortable with thie 
temperature below 50° F., or above 70° 


tests 












and with relative humidity below 25°; or 
above 70‘;. 

Prof. C.-E. A. Winslow, of New York, 
declared that faulty ventilation conditions 
in connection with modern ventilating 
plants were due largely to the failure to 
supply proper standards. In his opinion, 
the data for establishing such standards 
must eventually be collected by the engi- 
neer directly interested. They would be 
making a mistake to wait for the doctors 
to do this. Referring to the “latent dan- 
ger of house dust” as an agent of infec- 
tion, mentioned in Mr. Meier’s paper, 
Prof. Winslow stated that the dust dan- 
ger, so far as the spread of disease was 
concerned, was very, very remote in- 
deed. 

At the Thursday sessions, the discus- 
sion of the ventilation question was 
entered upon by members of the society. 
C. B. J. Snyder, superintendent of New 
York School Buildings, referred to a 
statement made at the Wednesday after- 
noon session by Mrs. Stephen S. Wise, of 
New York. Mrs. Wise had stated that 
present conditions as to ventilation and 
temperature were bad in some 30 New 
York schools which she had visited. She 
was inclined to place the blame on the 
heating and ventilating Mr. 
Snyder announced, in significant tones, 
that while the department of which he 
has charge is called upon to design the 
public-school heating plants, it has not 
for some years had any control of their 
operation or of the coal supply. He 
had found bad conditions in some school 
buildings directly due to incompetence 
of the janitor or so called engineer in 
charge of the heating plants, but had no 
authority to enforce the employment of a 
competent operative. 

It was suggested that the men engaged 
as janitors were generally chosen be- 
cause they were no good for anything 
else, and a number of members recounted 
particular cases where the blame for 
poor heating or ventilation had been defi- 
nitely traced to incompetence on the part 
of the man in charge. 

President Bolton corrected the idea that 
dissatisfaction with and disuse of venti- 
lating plants was confined to schools and 
hospitals by describing conditions in 
other public buildings. In the Tombs 
prison, in New York, an extensive and 
expensive fan system was not used at all, 
never had been used, although the foul 
air in some rooms was most noticeable. 
In the New York Hall of Records, a com- 
paratively building, a complete 
blower system had been installed, but 
was not used. The only fans in opera- 
tion were those serving vent openings in 
the roof, with the result that the air sup- 
ply was drawn in through any available 
openings. Much of it came in through 
the intended blower openings, but these 
were near the street level and no cheese- 
cloth had been put on the screen frames. 
As a result, quantities of street dust were 


systems. 


new 
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drawn in with the air, and a large com- 
plement of cleaners found employment in 
the building. 

The discussion was concluded with the 
passing of a recommending 
that the supervision of the janitors oper- 
heating and ventilating plants in 
New York public schools and the super- 
vision of repairs and upkeep of such 
plants be put in the hands of the depart- 


resolution 


ating 


ment designing the plants. It was ap- 
parently intended that this resolution 


should express the sense of the society 
that this was the proper arrangement for 
not only New York alone, but all other 
cities 

Papers presented Thursday 
were as follows: “Steam Heating Large 
Department Stores,” Davis S. Boyden, 
Boston; “Hot Water Heating by Forced 
Circulation,” Ira N. Evans, New York; 
“Auxiliaries for Pressure Systems of Hot 


morning 


Water Heating,” J. J. Wilson; “Steam 
Heating from the Receiver of the Com- 
pound Engine,” Auguste Beaurrienne, 
Paris, France; “Ventilating a Steam 


Laundry,” A. M. Feldman, New York. 

Mr. Boyden’s paper gives the results 
of a two days’ test of the heating plant of 
a Boston department store, made to de- 
termine the efficiency of the boilers and 
to study the relation between the daily 
load curve of the heating plant and the 
electric load curve. Mr. Evans’ paper 
was based on records of the hot-water 
heating plant at the Hoboken terminal 
of the Delaware, Lackawanna & West- 
ern R.R. 

Frank T. Chapman presented an in- 
formal paper on the ventilation, or rather 
the lack of ventilation, of motion-picture 
theaters. 


He described existing con- 
ditions, in view of the tremendous and 
growing patronage of these places, as 


truly a menace to the public health, re- 
garding which there is as yet little or no 
legislation. 

Wm. Kent presented a special com- 
mittee report on standards for pipe fit- 
tings and flanges. This report endorsed 
the standards recently prepared by a 
committee of the National Association of 
Master Steam and Hot Water Fitters co- 
opera ing with a committee of the Ameri- 
can Society of Mechanical Engineers. 
These will be known as United States 
Standard Fittings. 

At the final session, on Thursday after- 
noon, the following papers were pre- 
sented: “Heat Transmission with Indi- 
rect Radiation,” Frank L. Busey, Buffalo, 
N. Y.; Tests of Vacuum Cleaning Tools 
and Exhausters,” M. S. Cooley, Wash- 
ington, D. C.; “Definition of the Unit of 
Heat,” P. P. Bolton, New York; “Heat- 
ing a Swimming pool,” Cesar Teran, New 
York. 

Mr. Busey’s paper explained and dis- 
cussed the theory of convection with 
forced circulation over indirect heaters, 
as originated by W. H. Carrier, of Buf- 
falo. Mr. Carrier recently set forth this 
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theory in a paper before the December 
meeting of the American Society of Me- 
chanical Engineers. Mr. Busey’s paper 
gave additional data in support of the 
theory and showed its applicability to 
forms of indirect radiators in common 
use. 

Mr. Bolton’s paper pointed out an ap- 
parent divergence of practice in the defi- 
nition of the heat unit, consisting only in 
some disagreement as to the temperature 
or range of temperature at which the heat 
unit was to be measured, and proposed 
that the society’s committee on standards 
take this matter in hand and make some 
recommendation. 


A discussion of “scientific manage- 
ment” brought out a considerable dif- 


ference of opinion as to the applicability 
of its so called principles to the heating 
industry. Some of the heating contrac- 
tors would admit its value to manufac- 
turers, but were positive it wouldn’t work 
in their own business. Its strongest advo- 
cate was one who confessed that his only 
experience as a manager was in advis- 
ing other people how to manage. 

The report of the committee on re- 
vision of the constitution, presented at a 
previous session, was brought up for dis- 
cussion and, after some changes, was 
finally approved and submitted to the 
membership for letter ballot. The most 
striking feature was an amendment pro- 
posed by S. A. Jellett, a member of the 
committee, which reads as follows: 

The 
two-thirds vote of 


Society reserves the right by a 
the members present 
the annual meeting 
less than 25% of the 


the Society 


session of 
that not 
active membership of 
been registered at such annual 
ing) to instruct or direct its 
any matter or matters affecting the wel- 
fare or the 
directions 


at any 
(provide d 
has 
meet- 


officers on 


such 
care 


and 
must be 


policy of Society, 


instructions or 
ried out. 


Officers for the ensuing year were 
elected as follows: President, John R. 
Allen, Ann Arbor, Mich.; vice-presidents, 
John F. Hale, Camden, N. J., and E. F. 
Capron, Chicago; secretary, W. W. 
Macon, 29 West 39th St., New York; 
treasurer, James A. Donnelly, New York. 
The following were elected to the Board 
of Governors: R. P. Bolton, New York; 
James D. Hoffman, Lincoln, Neb.; F. R. 
Lewis, Chicago; W. M. MacKay, New 
York; D. D. Kimball, New York. 


An International Conference on 
peoples’ baths and school baths will be 
held at Scheveningen, The Hague, dur- 
ing the last week of August, 1912. The 
chief purpose of the meeting is the 
promotion of public interest in bathing. 
Four sessions will be held for the pre- 
sentation of papers and reports. The 
subject to be discussed includes tech- 
nical questions relating to the water 
supply, planning and general arrange- 
ment, operation and cost of maintenance 
of public baths and school baths and 
the relation between public baths and 
public health. 











































































February 1, 1912 


Mileage and Cost of Public 
Roads in the United States 


The U. S. Office of Public Roads has 
just published as Bulletin No. 41* a com- 
pilation of information showing the mile- 
age and, in a general way, the costs of 
the improved and unimproved roads in 
the United States at the end of the year 
1909. This is similar in design to Bulletin 
No. 32, issued about five years ago, which 
carried the same data up to the end of 
the year 1904. In order, therefore, that 
the progress made may be judged com- 
paratively, the statistics given are also 
referred to similar figures from the previ- 
ous bulletin. 

The data are given by states and in 
most cases by counties, and each state is, 
in addition, provided with a text explana- 
tion of its peculiar conditions. The whole 
makes a work much too long to be ab- 
stracted in this journal, but we have re- 
produced here the prefatory statements 
and two tables showing the general sta- 
tistics for the whole country. 


INTRODUCTION 
and accurate road 
have imper- 
fectly understood and consequently only 
secant are available in many 
importance of 
expenditures and 
roads and of a stricter classifica- 
the different kinds of 
brought to the attention of every 
and township in the United 
States through investigations. 
The statistics contained in this pub- 
lication relate to country roads only, ex- 
cept in a few where it 
been impossible for correspondents to 
draw the line definitely between country 
roads and village The term 
“improved roads,” this bulle- 
tin, implies a road has been 
graded, drained and with a 
hard material or a combination of ma- 
terials, or to which 
has been applied, resulting in a 
ably firm and durable surface. 
Macadam or gravel roads may be cited 
as examples of hard material applied to 
earth subgrades; the sand-clay and 
bituminous examples 
of the application of combinations of 
materials to effect the desired 
while the use of oil, tar and other bl- 
tumens, principally on macadam 
though occasionally on earth 
lustrates the improvement of a 
the application of preparations. 
SOURCES OF INFORMATION—The in- 


The 


statistics 


need of 
heretofore 


value 
been 


records 
The 
records in 


places. complete 
regard to 
cost of 
tion of roads has 
been 
county 


these 


instances has 


streets. 

as used in 
which 
surfaced 
some preparation 
reason- 


smooth, 


road 


macadam are good 


result 
roads, 


roads, il- 
road by 


formation contained in the bulletin has 
been secured by correspondence, prin- 
cipally with road officials and = partly 
with private citizens of the various 
states and territories, counties, town- 
ships, districts and other civil subdivi- 
sions of the United States. In many 
cases, the information was) obtained 


from voluntary county correspondents 
appointed by. this office for the purpose, 
but in almost every case these corres- 


pondents were either road officials or the 


*“Mileage and Cost of Public Roads in 


the United States in 1909." by J. E 
Pennebacker, Jr., and Maurice ©. El 
dridge. Bulletin No. 41, U. S. Depart- 
ment of Agriculture, Office of Public 


Roads, Logan W. Page, Director. 
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best informed private citizens in road 
matters in their respective communities. 


The magnitude of this task may be 
appreciated when it is understood that 
there are in the United States about 
150,000 state, county and local road of- 
ticials, and that it was necessary to cor- 
respond with most of these in order to 
secure the desired information. In many 
eases it was necessary to write a num- 


ber of individual letters to township and 
other lo oad officials before the in- 
formation could be secured. 

Every possible effort has been made 
to verify the accuracy of the figures 
given in the tables. When there was 
any doubt as to the correctness of the 
figures given, they were returned for 


cerrection or approval to. the 


person 


from whom they were received, or to 
some Other person qualified to give cor- 
rect information Upon the completion 
of the tabulations for the various states, 
they were submitted to the heads of the 
state highway departments or geological 
surveys, or to some well-informed per- 
son in the state for correction and ap- 
proval. 

The total mileage statistics are based 


mainly on approximations or estimates 


from the various civil subdivisions of 


the United States, as there are very few 
states or counties where the roads have 
been actually surveyed and measured, 
and it will be impossible to secure ac- 
curate data in regard to total mileage 


until this has been done The statistics 
in regard to the mileage of 
bused 


estimates, 


improved 


roads are more nearly on facts 


than on although in many 


cases the mileage of improved roads was 


estimated. 
that, in 
the precautions which have 


It is quite possible, therefore, 


spite of been 


taken, some errors have crept in. The 
total mileage, as well as the mileage of 
improved roads, may be in some ins 
stances overestimated, and in others un- 
derestimated. In view of these facts, 
the Office cannot vouch for the abso- 
lute accuracy of all of the figures given 
in the tables, but it is believed that, 


whole, they can be 


fairly accurate 


taken as a accepted 
which to 
the 


five-year 


as a record on 
base the progress of road building in 
various states during the 
period treated. 


MILEAGE OF ROADS—At the close of 


1909 there were 2,199,645 mi. of public 
roads in the United States, which ex- 
ceeds the mileage reported for 1904 by 
18.266 mi. Mileage statistics are not in- 
cluded for Alaska, Porto Rico, Hawaii, 
the Philippines, or Guam. The mileage 
of roads given in the tables does not in- 
clude the streets or boulevards in in- 


corporated cities or villages. 


Of the total mileage of public roads in 


the United States at the close of 1909, 
102,870 mi. were surfaced with gravel, 
59.237 mi. with stone, and 28,372 with 
other materials, which makes a total of 
190,479 mi. of improved roads. 

By comparing these figures with thosé 
collected for 1904, it will be seen that 
the total mileage of gravel roads re- 
ported has decreased by 7035 mi. This is 


fact that in 
collected in 


1904 
regard 
from the 
is quite prob- 


principally to the 


due 
no information was 


to sand-clay roads, except 


southeastern states, and it 


ible that a number of the roads which 
were reported as gravel roads in 1904 
were reported in 1909 as sand-clay roads 


This deerepaney is also partly accounted 
reclassification of the 
the 


poorly 


for by reason of a 


roads in several of states, by which 


built 
roads have 


many of the and poorly 


maintained gravel been elim- 
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inated from the improved road class. An 
effort was made in this investigation to 
exclude all natural gravel roads from 
the improved class unless they were well 
graded and drained, but many of these 
were included in the 1904 statistics. 
The total mileage of stone roads has 


increased from 36,818 in 1904 to 59,237 


in 1909. The mileage of roads surfaced 
with other materials, including sand- 
clay, shells, bituminous-macadam, brick, 
ete., has increased from 6807 mi. in 1904 
to 28,372 mi. in 1909. 

Indiana still leads all other states in 
total mileage of improved roads with 
24,956 mi.; Ohio still occupies the sec- 
ond place with 24,106 mi.; New York is 
third with 12,787 mi Wisconsin fourth 
with 10,167 mi Kentucky fifth with 
10,114.95 mi.; Illinois sixth with 8914 mi.; 
California seventh with S588 mi., and 
Massachusetts eighth with 8463 mi. 

The greatest progress in road im- 
provement has been made in the state of 
New York, which has increased its mile- 


age of improved roads from 5876 in 1904 


to 12,787 in 1909 (6911 mi.), due partly 
to the fact that New York has been 
spending about $5,000,000 a year from a 


$50,000,000 state bond issue on trunk-line 
highways, in addition to the regular an- 
nual expenditures from local revenues of 
about 


$5,000,000 


The notable increases in the _ total 
mileage of improved roads for ahe five- 
year period, 1804-1909, are shown as fol- 
lows: Georgia from 1634 to 5978 (4344 
mi.): Washington from 1976 to 4520 
(2544 mi.); Missouri from 2733 to 4755 
(2022 mi.); South Carolina from 1878 to 
3534 (1656 mi.); Alabama from 1720 to 
8264 (1544 mi.); Pennsylvania from 2160 
to 3364 (1204 mi.); Tennessee from 4285 
to 5353 (1068 mi.): New Jersey from 
2422 to 3377 (955 mi.): Florida from 885 
to 1752 (867 mi.), and Maryland from 
1570 to 2142 < mi.) 





A decrease in improved roads is res 
ported from California, Michigan, Minne- 
sota and This may 


be explained as follows: The practice of 


Wisconsin. decrease 


improving the earth roads by the use of 
oil in California has been, to a large 
extent, discontinued, and this has had 
the effect of cutting down the mileage 
of that class of roads considerably and 
so of reducing the total mileage of ime 
proved roads In Michigan and Minne- 
sota the roads have been reclassified by 
the state highway departments and the 
mileage of roads which come under the 
improved class has been reduced. In 
Wisconsin the mileage of both stone and 
gravel roads is a little less than was re- 
ported in 1904, owing probably to a more 
careful classification of the roads than 
it was possible to make at that time. A 
reclassification of the roads is also re- 
sponsible for the decrease in gravel 
roads in Connecticut, Indiana, Massa- 
chusetts, Ohio, Oregon, Utah and Vir- 
ginia. 

Tn no other class of improved roads 
has the mileage increased so rapidly 


during the 


of sand-clay 


five-year period as 


The 


in the case 


roads, sand-clay con- 





TABLET. MILEAGE OF PUBLIC ROADS IN 
UNITED STATES, 1904 AND 
1004 


1909 
1009 


Total mileage 2,199,645 


Mileage of improved roads 
SUOne. ... S6,.S1S8 9,237 
Gravel 109,905 102.870 
Other materials 6.807 I< 372 
Total 153,530 190.479 

Percentage of all roads 
improved 7.14 S 66 
Mileage of sand-clay roads 2,979 24,601 





struction consists of mixing ind 


sand 


clay together in such a way as to pro- 
duce a road which does not become mud- 
dy, and which remains comparatively 
firm during wet or dry weather. This 
method of construction is confined prin- 


cipally to. the 
though it is 


southeastern 


al- 


some 


states, 


now being used to 





extent in the Gulf Coast and middle 
western states 

The mileage of sand-clay roads has 
increased from 2979 in 1904 to 24,601 in 
1909 Alabama has increased her mile- 
age of sand-clay roads from 12 in 1904 
to 1107 in 1909; Georgia from 513 to 4326 
during the same period, and South Caro- 
lina from 1575 to 3218 in the same length 
of time A large mileage of sand-clay 
roads is shown for Michigan, Washing- 
ton and Wisconsin, but it is believed 
that these ire not all new roads, but 
simply roads which were reported as 


gravel roads in 1904, 

PERCENTAGE OF ROADS IMPROVED 
—It will be from Table I that, at 
the close of $.66°> of the roads in 


the United 


Seen 


1909, 


States were improved, repre- 
senting a gain in the total road mileage 
improved for the five-year period, 1904- 
1909, of 1.52 or, in other words, the 
percentage of improved roads has in- 
creased during this period from 7.14 to 
8.66%. 

Rhode Island occupies the first place 
in the percentage of roads improved, 


having, as it does, 49.14%; Massachusetts 


comes next with 49° and then follow 
Indiana, 36.7; Ohio, 27.13; Connecticut, 
24.08; New Jersey, 22.76: Kentucky, 
18.82; Vermont, 18.40: California, 17.87; 
Wisconsin, 16.64; New York, 16.13; 
Washington, 13.19; Maryland, 12.77 
Utah; 12.23: Tennessee, 11.66; South Caro- 
lina, 11.02, Maine, 10.59, and Michigan, 
10.01 per cent. 

The following states have between 5 
and 10° of the roads improved: Alae 
buma, Delaware, Florida, Georgia, Illi- 
nois, Minnesota, New Hampshire and 
Oregon. There are 22 states which have 
less than 5% of the roads improved. 

COST OF ROAD BUILDING—The cost 


of road building depends upon a number 


of factors, the most important of which 
are the cost of grading, the value of 
labor and teams, the availability and 
kinds of materials, the method of con- 
struction, the cost of bridges and cul- 
verts, the character of the soil and the 
traffic, the method of supervision and, 
to a certain extent, the climatic condi- 
tions. There are very few localities in 
the United States where all these fac- 
tors are exactly alike, and consequently 
here are but few places where the cost 
of road building would be the same, even 


though the 
be emploved 


Same type of construction 


Comparisons of the aver- 
localities are 


the 


age cost of 
of little 


cond 





roads in 


Value, 


two 


therefore, unless all 


itions are taken into account. 


United States 
level that no grading is 


In many parts of the 


the land is so 
necessary, 


except to prepare the founda- 


tion to receive the materials and to pro- 
vide suitable ditches to dispose of sur- 
face drainags but in other sections the 
cost of rading and the cost of bridges, 
culverts and retaining walls often 
amounts to more than the cost of sur- 
facing. 

In the southern states the cost of 
labor for road work ranges from T5e. to 
$1.25 per day while the cost of double 

ims with driver ranges from $2.50 ) 
$4 per day. In the North and West, 
however, laborers receive from $1.50 to 
$2 per day for this class of work, whil 
the prices paid for double teams with 
drivers range from $3.50 to $5 per day’ 



































































































This partly accounts for the fact that 

roads of the same type frequently cost 

more in the North and West than in the 

southern states, where the cost of labor 
nerally low. 

The distance that road materials have 
to be hauled determines, to a large ex- 
tent, the cost of the work. In many 
parts of the country material is so plen- 
tiful that the average haul does not ex- 
ceed 1 or miles, while in other parts of 
the country materials have to be trans- 
ported long distances by rail o1 water 
and then hauled several miles by country 
road. This factor alone very freque ntly 
affects the cost to such an extent that a 
macudam or gravel road will cost con- 
siderably more in one part of a county 
than the same kind of a road will cost 
in another part of the same county. 


In rolling and mountainous sections of 
the country the cost of bridges and cul- 
verts frequently amounts to as much as 
the cost of surfacing, Whereas in level 
regions and especially where the rainfall 
is light this item of expense is very 
small. 

At times the temperature falls as low 
as from 40° to 50° F. below Zero in cer- 
tain parts of the northern states, while 
there are many places on the Pacific 
Coast and in the southern states where 
the temperature rarely falls below the 
freezing point. It is obvious, therefore, 
that heavier and more expensive types of 
road are required in regions where the 
ground freezes several feet below the 
surface than in those sections where the 
ground is seldom frozen. The annual 
rainfall ranges a!! the way from 8 to 10 
in. in Arizona, California, Colorado, Ne- 
vada and northwest Texas to from 50 to 


Alabama, 
Tennes- 


60 in. in Florida, 


Georgia, 


parts) of 


Mississippi, Louisiana, 


see, Arkansas and southeast Texas. The 
rainfall, as much as any other factor, 
iffects the condition of the road and, 
while good earth and gravel roads often 
rive entire satisfaction where the rain- 
fall is light, a more durable and expen- 
sive type of road must be built where 
the rainfall is heavier. If the rainfall 
is light, however, and the traffic is heavy, 


the arid 
treatment for 


as is the ¢ many of 
of the West, 
ing the dust 


with oil 


ase in regions 





special lay- 


and preserving the surface 


and other preparations some- 


times becomes necessary. 

The condition of the soil also affects 
the cost of road building For instance 
on sandy loams and gravelly soils 4-in 


macadam rouds are being successfully 


built and maintained in many parts of 
the country. In other localities it has 
been found necessary to macadamize to 


a depth of from 8 to 10 in. on certain 


types of clay soils and fine silt loams, 
while sometimes the Telford method of 
construction, or the V-shaped drain 
foundation must be resorted to in order 
te obtain a solid and durable road. One 


of the important factors affecting 
the cost is that of the traffic. A road which 


would be satisfactory for 


most 


light carriage 


tratlic would not always be suitable for 
heavy wagon traffic, and, on the other 
hand, a road which would be satisfac- 
tory for heavy, horse-drawn, steel-tired 
traftic would not be, as a general rule, 
suitable for fast automobile traffic. The 
character and cost of construction are, 
therefore, largely determined by the 
traffic to which the road is subjected 
Table IIT presents 1 summary of the in- 


various 
four of 


the 


cost of 


secured from 


formation 
states in regard to the 
the 


sand-clay, gravel, 


construction; i.e 
and 


standard types of 


macadam bitum- 


inous macadam 
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It was impossible to obtain cost data 
from Illinois, as all information cone 
tained in this bulletin relating to that 
state was secured from the state high- 
way department, which was unable to 
furnish any cost data, and it was too 
late, when this fact became known, to 


collect information from the 


various 


counties and townships. The cost data 
obtained from Arizona, Idaho, Towa, Ne- 
vada, New Mexico, North Dakota, South 
Dakota and Wyoming were so meager 
as to be of little value, and are, there- 
fore, not included 

It will be seen from the table that 
the cost of gravel roads is greater in 
Maine, New Hampshire and Connecticut 


Indiana, Ohio 
the states last 


than in Minnesota. In 


statute 


and 


named the labor 


tax is still used, and many of the gravel 
roads are built by farmers in working 
out their tax, while in the states first 
numed the standard of construction is 
much higher and all road taxes are paid 
n cash. 

It is believed that the figures given in 
the summary represent approximately 
the average cost of road building in the 
respective states, as they are based upon 
reports received in regard to the actual 
cost of road building. Some of the 
county and township reports are based 


—- Ss 


TABLE II. AVERAGE COST PER MILE OF 











IMPROVED ROADS IN VARIOUS 
STATES IN 1909 
Sand- Ma- Bitu- 
state clay Gravel, cadam, minous, 
dollars dollars dollars dollars 

Alabama 680 1,483 (*)13,250 
Arkansas 940 5 eee 
California. $12 1,375 8,575 
Colorado 1475 eer 
Connecticut ; ee te) | 
Delaware " (3) (4) 6, 10,120 
Florida® $29 3900 CB,212 =n. cews 
Georgia 387 1,250 eee awe s 
Indiana L,SS7 ROE es 0 
Kansas 785 ET kwh aah 
Kentucky 1011 FRO Scere 
Louisiana 654 2,100 7 ; , 
Maine : 3,687 9,022 (®)19,681 
Maryland* 1775 1,000 8,192 
Massachu- 

setts sO ~ (#°)9,714 
Michigan 1,843 
Minnesota 766 946 


Mississippi 2 
Missouri 1,023 
Montana ) 





(11) Qa 














Nebraska 933 (*)6,000 €)8$.448 
New Hamp- 

shire 5.016 
New Jersey S746 9.930 
New York 9,496 
North Caro- 

lina 506 1,006 $,020 : 
Ohio (#2) 1,909 7,766 
Oklahoma 389 
Oregon 1,940 
Pennsy |- 

vania _ 1,575 9,164 10,000 
Rhode 

Island : (13 (14) 
south Caro- 

lina 115 1,133 
Tennessee. 1,050 1,697 2,020 
Texas?® 593 1,708 2,160 16,000 
Utah 718 2,188 5,000 
Vermont (7%) 1,600 
Virginia 607 2,200 4,920 
Washington. 2,600 7,600 
West Va 5,414 (7) 
Wisconsin SOO 1,135 2 978 

verage 723 2,047 1,989 10,348 


For one section of road only. 
2 Average cost of t macadam, 
$11,523.47: telford gravel, $7 per mi 





$0.15 per sq.yd 
$0.25 per sq.vd 
5 Average cost of shell roads. 
® Marl and coral, 
cocina 


$3.186 
sometimes referred to as 


Average cost of shell roads, $3,000. 


® some of these roads are 40 ft. in width. 
* Average cost of shell roads, $2,984 per mi 
© Average cost of tree sand and oil roads 


$4,718.66 per mile 
11 $0.23 per square yard, 
12 Average cost of brick roads, $12,381 per mi 
™ 80 cents per sq.yd. 
14 $1.25 per sq.yd. 
16 Average cost of shell roads, $3,083 per mi. 
® Telford gravel roads, $2,500 per mile 
17 Average cost of brick roads, $14,500 per mi. 
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most of 


cost of 


on one section of road only, but 
them based on the average 
construction in the county or township 
which the report was received. 

In sending out queries in regard to the 
eost of road building, 


are 


from 


correspondents 


were requested to give the cost per mile 
or per square yard. It is obvious that 
this information would be more useful, 
especially to engineers, if the returns 
were expressed in cost per square yard 
instead of cost per mile: but, as most 


of the correspondents stated the cost per 
i i the 
large bridges and extra 
such as 
not included, 


mile, it is so 

The 
dinary 
Walls, ete., is 
fow 


bridges 


given in summary 


cost of or- 
construction, retaining 
except in a 
but the cost of small 
ordinary construction, 
drainage, is included. 


instances, 
and all 


including surface 


The average cost of the four types of 
construction referred to in the sum- 
mary, table II, is as follows: The aver- 
age cost of sand-clay roads for the 17 


states from which reports were receivea 


is $723 per mi., the average width of sur- 


face treated 17 ft., and the average depth 
of the material 9 in. It will be noticed 
that there are quite a number of states 
for which no report is given. This is 
due to the fact that the sand-clay 
method is adapted only to certain por- 
tions of the country where the soil and 


climatic conditions 
construction. 


favorable to its 
This method of road build- 
ing seems to be peculiarly adapted to the 


are 


states embraced in the Atlantic Coastal 
Plain, although it has been used to some 
extent in the middle western states. In 
the middle west, however, this method 
is still in the experimental stage. 

The average cost of gravel roads for 
the 31 states from which reports were 


received is $2047 per 
width of gravel surface is 13 ft. and the 
average depth of the material 7 in. 
The average cost of 
the 34 from 
received is $4989 
width of 
ft. and the 
terial 6 in. 


mi. The average 


macadam roads 


for states which reports 
mi. The av-. 
macadam surface is 13 


depth of the 


vere per 
erage 
average ma- 

In view of the fact that the mileage of 
poorly built macadam, gravel and sand- 
clay roads exceeds the mileage of prop- 
erly constructed roads of the same types, 
the above figures should not be used asa 


basis of comparison I!n communities 
where the roads are being built accord- 
ing to the latest and most approved 


methods, for it is safe to say that in such 
places the cost will considerably exceed 
the average given above. 

The average cost of bituminous- 
macadam roads for the 10 states from 
which reports were received is $10,348 
per mi. for roads surfaced to a width of 
15 ft. and to a depth of 6 in. The in- 


formation bitum- 


rather 


regard to 
however, is 


received in 


inous construction, 


meager, and it is believed that it does 
not represent the average cost of coun- 
try roads, as do the figures in regard to 
other methods of construction. The rea- 
son for this is that this method of con- 
struction is new and to some extent ex- 


perimental. 
macadam 


Furthermore, bituminous- 


roads have, up to the present 


time, been built only in the neighbor- 
hood of the larger cities, where the cost 
of labor is comparatively high, and 


where the roads would naturally be sur- 


faced to a greater width than the roads 
farther out in the country. It is be- 
lieved, therefore, that the cost is greater 
than will be the case when this method 
of construction becomes more” general 
and when this type of road building be- 
comes standardized. 


February 1, 191 


An Explosion of Gasoline used by mis- 


take in place of Kerosene 


A Boiler Explosion at a Calamine Mine, 


workmen 
njury of a fourth. 
wrecked. 


A Grain Elevator Explosion at Chicago, 
wrecked 


Dloomingdale 
explosion 


building. 


complete ad 
struction building 
An explosion of grain dust. which 
destroyed Ricehford, 


Engineering 
“rain-dust and elevator explosions in the 


stroyed the American 


Engineering News, Jan. 


wrecked 


Locomotive Exploded 


engineer 


seriously 


xplosion ascribed freezing 


feed-watel between 
The Boiler of a River Steamer explod- 
Willamette 


owned by 
Transportation 


Cartridge Explosion 
partially 
wrecked buildings 
Cartridge the death 
one emplovee, wus operat- 
cartridge 


ernployved 


installed 


Kindmundy, TIIll., Jan. 
Harahan, 
president 
trainmen. 


conductor 
negligent 


engineer 
3 is held to be blameworthy 
proximity to 


Kinmundy 
north and 
intermediate 
er conditions prevailing 
accident 


automatic 


collision 
time-interval 
employed. 


occurred, 


trainmen 
membership 
Illinois Central 


included 
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Berry, Chief Engineer of the 
Rock Island & Pacifie Ry., 
Ww. FF. DB. the 
linois. 


Chicago, 
and Dean 
University of Il- 


Goss, of 


A Concrete Dam in northern New York 
recently developed two very considerable 


leaks. The dam is owned by the Inter- 
national Paper Co., and is located on the 
Saranac River at Kent's Falls. As the 


dam is now covered with several feet of 


ice, it is impossible to make an accurate 


statement as to the cause of these leaks. 
Engineers who have visited the dam be- 
lieve that the extremely cold weather of 
the past month caused contraction of the 
dam and the stresses were probably in- 


creased by ice The water level 
back of the dam has been lowered 
thorough will be made 
warmer 
The 


King 


pressure. 
and a 
inspection when 


Weather comes 


Hudson River Tunnel at 
the Catskill 
Water-supply 
world, was “holed 
in the presence of Mayor Wm. J. 
of New York City, the 
and principal engineers of 
Water Supply 


Storm 
Aqueduct, the 
tunnel in the 
through,” on 30, 


for 
deepest 

Jan. 
Gaynor, 
Commissioners 
the Board of 


and a party of prominent 


engineers, contractors and city officials. 
This tunnel forms a part of the long 


aqueduct from the Ashokan Reservoir in 
the Catskill Mountains to New York City, 


and has been given much study by the 
engineers of the work from the time the 
earliest plans were made, on account of 
the great depth necessary in order to 
have the tunnel in solid rock. The pre- 
liminary work on this tunnel, including 
the diamond-drill explorations and the 
sinking of shafts on either shore were 
described by Mr. Alfred D. Flinn, De- 


partment Engineer of the Board of 


Water Supply in Engineering News of 
Mar. 23, 1911. 

A contract for driving the tunnel be- 
tween the shafts was let last spring to 
the T. A. Gillespie Co., and the work has 
been pushed with great rapidity since 
that time. The final meeting of the 
advance headings was made the occa- 
sion by the contractors to invite a party 
of nearly a hundred engineers, city offi- 
cials and others, who were taken from 


New York to the tunnel site on a special 


train. On arrival at the tunnel the 
party was lowered to the bottom of the 
east shaft, where Mavor Gaynor closed 
a switch firing the final blast at the 


junction of the headings. The party 


then walked through the under-river 
tunnel to this point, where brief ad- 
dresses were made by the Mavor and 
by Hon. Chas. Strauss, Chairman of 


the Board of Water Supply, proposing 
toasts to the engineers and contractors, 
Which were drunk at tables which had 
been set in the tunnel. 

The tunnel, which is nearly 1200 ft. 
below the surface of the river, is re- 
markably free from water, and the rock 
through which it is driven is very solid 
and free from seams. Less than a hun- 
dred feet of bench remains to be removed 


to complete the tunnel excavation, and 


the lining of the tunnel with concrete 
will then be pushed with all speed. The 
successful driving of the tunnel is of 
great importance to New York City as 
upon its completion depends the bring- 
ing down of water from the Catskills to 
replenish the Croton supply. now dan- 
gerously overtaxed. That it should have 
been driven with so little trouble from 
water is very gratifying to the Board 


of Engineers which originally planned 
the Catskill supply, and to the consulting 
geologists who approved this site for the 
Hudson River crossing. 

- 
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Personals 
Mr. J. R. Gilhula has resigned as Su- 
perintendent of the lllinois Traction 


System, at 


Mr. H. E. Phelps appointed 
City Engineer of Boulder, Colo., succeed- 


Springfield, Il. 


has been 


ing Mr. Fred R. Dungan, who has re- 
signed. 

Mr. Andrew Ross, Division Superin- 
tendent of the New York, New Haven & 
Hartford R.R., at Taunton, Mass., has re- 
signed to become Superintendent of the 
New York division of the Lehigh Valley 
RR. 


Messrs. S. A. Staege, of Watertown, 


N. Y., and R. H. Bennett, of New York 
City, have formed a partnership under 
the firm name of Staezge & Bennett, Con- 


sulting, Civil, Steam and Electrical Ene 
gzineers, Watertown, N. Y. 

Mr. Walter I. Drager, Jun. Am. Soe 
Cc. E., formerly Assistant to Mr. O. P. 
Thomas, Consulting Engineer of Johns- 
town, Penn., has been appointed Assist- 
ant Engineer of the Department of Pube- 
lic Works of Schenectady, N. Y. 

Mr. Charles F. Breitzke, Jun. Am. Soe 
Cc. E., has resigned as Assistant Engin- 
eer with the Board of Water Supply of 
the City of New York, to become asso- 
ciated with Johnson & Fuller, Consult- 
ing Engineers, 150 Nassau St., New York 
Cry, 

Mr. W. O’D. Rockwell, formerly As- 


sistant City Engineer, has been appoint- 


ed City Engineer of Savannah, Ga., to 
succeed Mr. J. W. Howard, resigned. To 
succeed Mr. Rockwell the city council 
has selected Mr. Roy M. Bailey, who has 
been a member of the City Engineers’ 
staff for eight years. 

Mr. E. L. Brown, formerly General 
Superintendent of the Western division 
of the Great Northern Ry., at Spokane, 
Wash., has been elected Vice-President 
and General Manager of the Denver & 
tio Grande R.R. Mr. Brown was born 
in Iowa, in 1864, and entered the rail- 
Way service as a messenger boy with the 
Chicago, Rock Island & Pacific Ry. when 


old. 


Mr. John A. Fox, M. Am. Soe. C. E., for 
a number of Special Director of 
the National and Harbors 
gress, has been appointed Commissioner 
at Large of the Panama California Ex- 
position to be held at Calif., 
in 1915. Mr. Fox is a native of L.ouisi- 
ana and a graduate of Tulane University 


11 vears 


years 


Rivers Con- 


San Diego, 


of that state. For a number of yvears he 
was an engineer engaged in levee work 
on the lower Mississippi Rivet 

Mr. George J. Henry, M. Am. Soc. M. E., 
Chief Engineer of the Pelton Water 


Wheel Co., San Francisco, Calif., has re- 
signed to enter private practice as a hy- 
draulic and mechanical engineer. with 
Offices in the Rialto Bldg, San Fran- 
cisco. Mr. Henry has been with the 
Pelton Water Wheel Co for 18 ve ars, 
10 vears of which he has been Chief En- 


cineer, and is 
of numerous 
machinery. 
Mr. Baird Jr.. M. Am. Inst. 
M. E., has resigned as Superintendent of 


the inventor and 
improvements in 


patentee 


hvdraulie 


Snvder, 


Mines of the Lehigh Coal & Navigation 
Co., at Lansford, Penn. The office of 
Superintendent of Mines has been abol- 


ished and the duties hitherto connected 
with that office will be performed by Mr. 
Edwin Ludlow, M. Am. Inst. M. F., 
merly General Manager of the 
Coal & Coke Co., Las Esperanzas, 
ico, who been appointed 
Vice-President. 


for- 
Mexican 
Mex- 


has Second 













































































Mr. lL. L. Griffiths, M. Am. Soc. M. E., 
has resigned his position of General Su- 
perintendent of tne rexas Portland Ce- 
ment Co. and opened an office in Dallas, 
Tex., a President of the L. L. Griffiths 
Engineering Co., Consulti Civil, Me- 
chanical and Electrical Engineers. Mr. 
Griffiths is retained by the Texas VPort- 
land Cement Co. as consulting engineer. 


him is Mr. ©. C 
formerly C Mechanical En 
the Alpha Portland C 
Penn., 
L. L. 


Messrs. E. Tappan T 


jated with 


Assot Brooks, 
zineer of 
ement Co., E 
Secretary of the 


rifliiths Engineering Co. 


hief 
aston, 


is become 


who hi 


annatt and H. C. 


Allen, M. Am. Soc. C. E., have formed the 
Tannatt-Allen Engineering Co., with of- 
fices in the Empire State Bldg., Spok- 
ane, Wash .This company has pur- 
chased the business interests and is the 
successor of the Tannatt-Lovsted Co., 
and EF. Tappan Tannatt, Consulting En- 


sineer, both of Spokane. innatt 


Mr. T 
Professor of Civil Engin- 
Montana 


was formerly 


eering at State College and for 


six years was in charge of irrigation and 


development work in the Hawaiian Is- 





lands. Mr. Allen was formerly City FEn- 
gvineer of Glasgow and Great Falls, 
Mont and Assistant City Engineer of 
Indianapolis, Ind. In additio to en- 
gaging in all classes of saelinaiaihs en- 
gineering the new company also pro- 
poses to furnish and install plants and 


machinery. 


Mr. Horatio N. Parker, for a number of 


vears Biologist of the Metropolitan 
Water Works, Boston, Mass., later for 
a number of years Health Officer” of 


Montclair, N. J., 
with the 


and still later connected 


stream pollution investigations 


of the Hydrographic Branch of the 
United States Gelogical Survey, has re- 
cently been appointed Dairy Bacteriolo- 


gist of the 
versity of 


College of Agriculture, Uni- 
lliinois, in the Department of 


Dairy Husbandry and in the section of 
that Department devoted to municipal 
and sanitary dairying. He is associated 
there with B. R. Rickard, who was for 
some time at the head of the Bacteriolo- 
gical Laboratory of the Boston Depart- 


ment of Health, and who later was in 
charge of the Bacteriological Laboratory 
of the Ohio State Board of Health, at 
Columbus, Ohio. Messrs. Riekard 
Parker now 


Til. 


Messrs. 


and 
are located at Champaign, 
John Reed, for the 
years Supervising Engineer of 
Sands & Co., Roanoke, Va., and Irving 
H. Sherwood, for three years Electrical 
Er 
P 


past two 
Joseph H. 


gineer with W. S. Barstow & Co., the 
calaiad Railway, Light & Power Co., 
and the Pacific Fower & Light Co., of 


Vortland, Ore., have become associated 
with Mr. William S. Turner, M. Am. Soc. 
Cc. E., M. Am. Inst. E. E., under the firm 
name of William S. Turner & Co., of 
Portland, Ore Mr. Reed is a civil en- 


gineering graduate of the University of 


Maine, and for six years was with the 
engineering staff of J. G. White & Co., 
of New York and London, in New Zea- 
land, Philippine Islands and South 


America. Mr. Sherwood is an electrical 


engineering graduate of Case School of 
Applied Science, Clevela Ohio, and 
after several vears’ practice as junior 


ficm E. P 


was 


member of the 
of Cleveland, he 
for the Roberts & 


Roberts & Co., 
Resident E 
Abbott Co., in 


ngineer 
charge 


of construction on the Washington, Bal- 
timore & Annapolis Electric Ry. 

Maj. Charles D. Hine, whose unit syvs- 
tem of organization on the Union and 


Southern Pacific 


Engineering News of 


Rys., was described in 


Mar. 38, 1910, has 
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been elected Vice General 
Manager of the Southern Pacific Ry. of 
Mexico, and the \riz 
vith he 


-President and 


ona 


Eastern R.R., 
Ariz. Maj. 


idqu irters at Tucson, 


Hine is a native of Virginia and a grad- 
uate of the United States Military Acad- 
emy at West Point, class of 1891 While 
serving as a Lieutenant of the U.S, 


\rmy stationed at Fort 


law and was g1 


Thomas, Ky., he 
iduated from the 


School in 1898. He re- 


studied 


Cincinnati Law 


signed from the Army and in 1895 en- 
tered the railway service as a freight 
brakeman on the Cleveland, Cincinnati, 
Chicago & St. Louis R.R Thereafter he 
was successively switchman, yardmaster, 
conductor, chief clerk and trainmaster 
of the same railways At the outbreak 
of the Spanish-American War he was 
ranted leave of Seda went to the 
front, and became i Major of Volun- 
teers in the Santiago campaign. At the 
close of the war he returned to the 
Cleveland, Cincinnati, Chicago & St. 
Louis R.R. as trainmaster at Cincinnati, 
Ohio, resigning after a few months to 
become General Superintendent of the 
Findlay Fort Wayne & Western Ry. 
Two months later he gave up this posi- 
tion to take charge of the estate of his 
father in Virginia, also serving for a 
short time as Inspector of Safety Appli- 
ances for the Interstate Commerce Com- 
mission. In 1900, Maj. Hine was ap- 
pointed Assistant Superintendent of the 
Chicago & Alton Ry., at Roodhouse, IIL; 
after three months’ service here he be- 
came Manager of the proposed Wash- 


later 
ashington 


ington & Gettysburg Ry., 
Way Agent of the W 
Ry., and finally 
field as 
Chicago, Lake 


Right of 
Southern 
returned to the operat- 
Special Trainmaster of the 
Shore & Eastern Ry., at 


ing 


South Chicago, Ill Later he joined the 
staff of the General Manager of the Chi- 
cago, Rock Island & Paecifie Ry., and be- 
came chief of the special inventory 


bureau of the 
left the 


office. He 
join the staff of 


Controller’s 
Island to 


Rock 


the Second Vice-President of the Chi- 
cago, Burlington & Quincy R.R., and left 
the Burlington for the staff of the Gen- 
eral Superintendent of the Erie R.R., at 
Jersey City, N. J. His later work as 
Special Director of Maintenance and 
Operation of the Harriman lines is well 
known, for the Hine unit system of 
organization is now in use on many 


thousand miies of sesides his 
Maj. Hine is a megazine 


considerable note. 


railway. 
work, 
writer of 


railway 





Obituary 


Matthew Neilson, M. Can. Soc. C. E., 
Consulting Engineer, of Montreal, Que., 
died at his home in Westmount, on Jan. 
21, after an illness of three months. He 
was born at Almonte, Ont., in 1853. For 
a number of vears he was with the en- 


gineering department of the = (¢ 
Pacifie Ry., h 
tion work in the Kicking 
the Rocky Mountains and in 
Later he bee Chief E 
Calgary & Edmonton cy. 
tegina & Long Lake Ry. 
was Manager of the St. 
Gas & Elec 


spent a yeatl in 


‘anadian 
charge of 
Horse 


aving construc- 
Pass in 
Maine. 
the 
and of the 
For a time he 
John Railway, 
John, N. B., 
Mexico as 


ame ngineer of 


tric Co., of St. and 
Manager of 
an electric company Of late years he 
consulting 


Montreal 


had earried on a enginecring 


practice at 


Samuel Clarence Ellis, one of the old- 


est members of the American Society of 
Civil Engineers, and for many years in 
the city engineering department of Bos- 





February 1, 1912 


ton, Mass., died in 
He was born in 
and was a descendant of an 
family. He 
engineering 
War, at the 
listed in the 
teers. On 


that 


city on Jan. 21. 
Boston on > 


Sept. 8, 1833, 
old Massa- 


chusetts engaged in 


was 
work previous to the Civil 
outbreak of which he en- 
f5th Massachusetts Volun- 
his return to Boston he was 
employed for many vears as 
during this period h: 
was largely instrumental in 
the Public Garden, one of the 
attractions of Doston. ] 


‘hief I 


Assistant 


City Surveyor, and 


planning 
most noted 
ziter he was 


made ¢ Ongineer of the State 


Board 


of Survey, a position which he held un 
til he retired from active practice sey 
eral years ago. He was a brother of tin 
late Theodore G. Ellis, M. Am. Soc. CG. E., 


of Hartford, Conn., who died in 1883 








Engineering Societies 
COMING MEETINGS 


MAINE SOCIETY OF CIVIL ENGINEERS 
Feb. 7. Annual meeting at Lewiston, 
Me. Secy., F. E. Pressey, Augusta, 
Me. 
CONNECTICUT SOCIETY OF CIVIL EN 
GINEERS. 

Feb. 13-14. Annual meeting at New 
Haven, Conn. Secy., J. Frederick 
Jackson, Box 1304, New Haven, Conn 

NEW ENGLAND ASSOCIATION OF GAS 
ENGINEERS. 

Feb. 14-15 Annual meeting at Bos- 

ton, Mass. Secy., N. W. Gifford, 26 


Central Square, East Boston, Mass. 


ENGINEERING SOCIETY OF WISCON- 
SIN. 

Feb. 14-16. Annual meeting at Madi- 

son, Wis. Secy., J.C. White, 624 E 


Main St., Madison, 


NORTH DAKOT 
NEERS. 

Feb. 15-16. Annual 

Forks, N. D. Secy 


Mandan, N. D 


AMERICAN date STITUTE 
ENGINEF 


Wis. 


A SOCIETY OF ENGI- 


meeting at 
te We 


Grand 
Livingston, 


OF MINING 


Feb. 20. cant meeting at New York 
City. Secy., Jos. Struthers, 29 West 
39th St., New York. 

TOWA ENGINEERING SOCIETY. 

Feb. 21-23 Annual meeting at Daven- 
port, Iowa. Secy., S. M. Woodward, 
Towa City, Iowa. 

NATIONAL BRICK MANUFACTUREI 
ASSOCIATION. 

Mar. 6-9. Annual convention at Chi- 
cago, fll. Secy., T. A. Randall, In- 
dianapolis, Ind. 


CANADIAN MINING 


INSTITUTE. 
Mar. 6-8. Annual 


meeting at Ottawa, 


Can. Secy. H. Mortimer Lamb, 
Room 38, Windsor Hotel, Montreal, 
Can. 
NATIONAL _ ASS ICIATION OF CEMENT 
USERS 
Mar. 11- Tf . Annual convention = at 


Kansas City 
Krauss, 
Penn. 


AMERICAN BOTLER MANUFACTUR- 
ERS ASSOCIATION. 

Mar. 12-15. Annual convention at New 
Orleans, La Secy., J. D. Farasey, 
East 37th St. and Erie R.R., Cleve- 
land, Ohio. 


AMERICAN RAILWAY 
ASSOCIATION. 


Mo. Secy., Edward E 
Harrison Bldg., Philadelphia, 


ENGINEERING 





Mar. 19-21. Annual meeting at Chi- 
cago, Tl. Secy., E. H. Fritch, 962 
Monadnock Block, Chicago. 

American Boiler Manufacturers Asso- 


ciation—At the 
New Orle 
ject of 
brought up 


convention in 
12-15, the 
will be 
decide 


coming 
Mar. 
specifica 
effort 


specific 


ans, La., sub- 


boiler tions 


and an 
uniform 

Maine Society 
the annual meeting, Feb. 7, in 
Maine, Edwin Ll. Lynch, 
gineer of the Portland 
Public Works, will 
“Tarred Concrete 
Maine.” 


made to 
ations. 


of Civil 


upon 


Engineers— At 
Lewiston, 
En- 
Department of 
present a paper on 
Pavement in Portland 


Assistant 


